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INTRODUCTION 
Pennsylvania smartweed (Polygonum pensylvanicum L.) is a locally 
common annual throughout most of the United States. It grows in damp 
grasslands, waste places, along ditches and on cultivated ground. Its 
economic significance is multifaceted. This plant is a major weed in 
cultivated crops, in fact, one of the most important in reducing 
soybean yields. Perversely, it is a significant game food species. 
The abundant seed produced and the extended longivity (to 30 years 
recorded) render established stands persistent. Therefore, the repro­
ductive and carry over power of this plant is of prime importanceo 
Although reproduction is genetically controlled, it is often 
modified by environmental factors. Knowledge of the influence of these 
factors may help in: (l) finding an ecological control, (2) providing 
information which may lead to more effective chemical control, and 
(3) providing reference material and ideas for other workers. 
This study is an attempt to define the Influences of selected 
environmental factors on the seed production, potential viability, smd 
the primary dormancy of smartweed seed grown in central Iowa. 
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LITERATURE REVIEW 
The effects of environmental influences on seed production, viability, 
and dormancy have been reported with agronomic crops more extensively than 
for other plants«, Also, seed piroduction, which implies both seed size and 
seed yield has been studied more extensively than either viability or dor­
mancy o Indeed, the available information on seed production is so massive 
that only literature pertinent to the present study will be cited. Final­
ly, application of this information to smartweed requires some knowledge of 
the plant. 
Environmental Influences on Seed Size 
Seed size has been measured both by physical shape with screens and by 
weight with blowers. These two methods are closely related and will both 
be included in this review. 
Generally, seed size emd seed weight increase with maturity (Yasue and 
Ota, 1962), but year to yeax variations are common (Schaaf et al. , 1962; 
Parsons and Allaxd, 1960)0 Seed weight is also reported to vary between 
populations (Hammerton, 196?a), between plants, between inflorescences 
within a population (Hammerton, 1967a), and between positions within an 
inflorescence (Ryle, I966; Carver and Harper, I966), Ryle reports that the 
earliest ears to emerge in grain crops produce the heaviest seed. He sug­
gests the variability in seed size is largely Influenced by competition for 
photosynthates and further suggests that external conditions might affect 
seed size when plants are in competltiono 
Increased plant densities decreased the seed size of most grain crops 
(Ryle, 1966; Knott and Talukdar, 1971), white clover (Zaleskl, I96I), and 
side-oats grama (Smika and Newell, I968) but not with alfalfa (Abu-Shakra 
et al. g 1969), Seed weight in soybeans increased as plant spacing 
increased for short determinate varieties and decreased as plant spacing 
increased for tall varieties (Shannon et al. , 1971)* Reducing the number 
of seeds in the inflorescence of wheat (Bingham, I966), oats (Van der ftiauw, 
19^9)1 and poppies (Harper, I966) increased the seed size of those remain­
ing but not in barley (Slatyer, 1969)« Also, variations in seed size were 
greater in wheatgrass when grown in pot cultures compared with spaced 
nursery plantings (Schsiaf et al. , I962). Harper (I96I) and Salisbury 
(1942) considered seed weight as one of the least plastic properties of 
plants while McWilliams et al. (I968) and Hammerton (1967a) found it 
strongly plastic in Amaranthus and Polygonum respectively. Seed weight of 
Amaranthus was found to increase with increasing latitude and decreasing 
temperature and decreasing photoperiod (McWilliams et al. , I968). Seed 
weight of Polygonum persicaria and P. lapathifolium decreased with later 
sowing and was found to be correlated to seed production and green plant 
weight (Hammerton and Jalloq, 1970). 
Both available moisture and fertilization have shown notable influ­
ences on seed size, although timing of these factors was also important. 
Increased soil moisture increased the seed weight of alfalfa (lysdal, 1946; 
Abu-Shakra et al. , I969), barley (Wells and Dubetz., I966), flax (Dillman, 
1943), medusahead (Nelson et al. , 1970), and late varieties of wheat 
(Chinoy, I962). Seed weight in early varieties of wheat was not influenced 
by moisture (Bingham, 196?1 Chinoy, I962), Seed weight of most grain crops 
(Ryle, 1966), rice (Murata, I966), com (Davide, I96I), and side-oats grama 
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(1966) reported an increase in seed weight of rice with nitrogen applica­
tions if the plant density was low, Bingham (196?) found no influence of 
nitrogen applications on seed weight of wheat while Fischer and Kohn (1966) 
found a decrease in the seed weight# The seed weight of peas (Austin, 
196613) and watercress (Austin, 1966a) was not influenced by nitrogen, hut 
was increased with phosphorus in liquid cultures. Neither nitrogen nor 
phosphorus had any effect on seed size (Austin and Longden, I965) or size 
within seed grades (Austin and Longden, I966) with carrots. With 
Polygonum, omission of potassium from all stages of reproduction in ferti­
lizer studies led to a decreased weight of the mature seed (Shustova, 1962)0 
Many less important factors have influenced seed size. Later flower­
ing increased seed weight of Polygonum longisetum and Po lapathifolium seed 
(Watanabe and Hirokawa, I968). Later sowing decreased seed weight of wheat 
(Fischer and Kohn, 1966), Polygonum persicaria and P. lapathifolium 
(Hammerton and Jalloq, 1970)« Delayed harvest increased the seed weight of 
curled and broad-leaved dock (Carver and Harper, I966) and onions (Austin, 
1963)1 but decreased the weight of lettuce (Thompson, 193?) and white clover 
(Zaleski, I96I), Seed weight of subterranean clover increased when burs 
were formed underground (Yates, 1957» Yates, 1958)a Seed size of Plantago 
decreased as the temperature at which it was grown increased (Steams, 
1960)0 Flax, on the other hand, produced maximum seed weight at tempera­
tures between 16®-20°C and decreased in weight when the temperature was 
above or below this (Dybing and Zimmerman, I965). 
Smika and Newell (1968) found no influence on seed size with insect 
sprays, but Hammerton (1967b) found seed weight of Polygonum was affected 
by applications of dichlorprop. Grain weight has also been reported as 
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being affected by photoperiod (Beachell, 19^3)i growth rate (Bingham, 
1967), and leaf area index (Davidson, I965). Seed weight may also in­
crease with complexity of seed shape within a species (polymorphism)» 
Such complexities are common in only a few genera of which Polygonum is 
one (Timson, 1965a)» Production of polymorphic seed has been reported to 
be influenced by the environment (Hammerton, 1967b). 
Environmental Influences on Seed Yield 
The most widely investigated factors influencing seed yield are soil, 
moisture, and fertility level* Other prominent factors include 1 spacing, 
light, and temperature. 
Increasing moisture increased yields of side-oats grama (jackson, 
1956), flax (Dillman, 194-3), safflower (Williams, 1962), alfalfa 
(Grandfield, 19^5» Abu-Shakra et alo , 1969» Taylor et alo , 1959) and 
late varieties of wheat (Chinoy, I962), but did not affect the yield of 
bromegrass (Al-Ansary, I96O) or early varieties of wheat (Chinoy, I962). 
In pot cultures of oats, plants grown continually under dry conditions 
differed little in yield from those continually watered (Van der Eaauw, 
1949). Yields of oats in the field were reduced by drought shortly before 
panicle emergence (Van der Eaauw, 1949). A review by Slatyer (1969) 
indicates that on most crops some stages are more sensitive to moisture 
stress than others, but the general effect is to hasten maturation. 
Reduced yield due to moisture stress at the first sign of awns was noted 
in barley (Wells and Dubetz, I966; Aspinall et alo , 1964), 17-28 days 
before maturity in soybeans (Tattersfield, 1966), and at silking in corn 
( Robins and Doningo, 1953' Benmead and Bha«; i960): The nnmbAr of pods in 
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soybeans vas reduced with stress during flowering, "but yields were reduced 
with stress during grain filling (Shaw and Laing, 1966). Gates (1968) 
noted that the growth process most depressed by stress was in those organs 
growing the fastest. Wells and Dubetz (1966) reported that soil type and 
fertility affected the magnitude of the response to stress in barley, but 
not the direction. 
Increased nitrogen increased the yield of side-oats grama (Smika and 
Newell, 19681 Jackson, 1956), timothy (Ryle, I966), rice (Murata, I966), 
com (Nelson, I966; Davide, I96I), cocksfoot (Calder and Cooper, I96I), 
orchardgrass (Mori, 1968), lucerne (Pocke, 1971), and blackgrama grass 
(Wright, 1964); but did not influence yield of wheat (Bingham, 196?), 
bromegrass (Al-Ansary, I96O), peas (Austin, 1966b), watercress (Austin, 
1966a), or carrots (Austin and Longden, I966). Yields of peas and water­
cress were increased by phosphorus, while carrot seed grades were affected 
by the ratio of KiPiK (Austin and Longden, I966). Omission of N, P, and K 
during initiation of flowering decreased seed yield in Polygonum (Shustova, 
1962). 
Connor (I965) reported that seed production in Amsinckia in the 
normal growth pattern was related to plant density and not plant size, A 
decrease in yield was reported for wheat (Fischer and Kohn, I966), lucerne 
i. 
(Pocke, 1971), alfalfa (l^sdal, 1946), herbage grasses (Langer and Lambert, 
1963), orchard grass, timothy (Mori, 1968), com (Nelson, I966), onion 
(Austin, 1963), and many other plants. Some of the influences of increased 
density included 1 reduced number of tillers and number of seeds per head in 
giant and yellow foxtail (Santelmann et al. , I963), and oats (Wiggans and 
Prey, 1957a.; Wiggans and Prey, 1957b)» reduced number of inflorescences in 
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white clover (Zaleski, I96I), reduced the number of seed per pod in 
alfalfa (Abu-Shakra et al, , I969), and reduced the number of capsules iir 
poppy (Harper, I966). In contrast, the yield of cocksfoot was increased 
with an increase of density (Cald'er and Cooper, I96I). 
Gamer and Allard (I920) were the first to show the influence of 
photoperiod on reproduction" by using soybean and mammoth tobacco. Since 
then photoperiod has been shown to influence the yield of many plants 
(Santelmann et al, , I963; Beachell, 19^3î Evans, I960), Suboptimal 
photoperiods increased the yield of rye, wheat, barley, oats, pea, flax, 
maize, and beans (Van Dobbens, I962), Reduced photoperiod caused an 
increase in inflorescence length in timothy (Eyle and Langer, 1963b), a 
reduction in the number of ovules in white clover (Thomas, 1961), and 
reduced the total number of florets per spikelet in timothy and rye grass 
(Ryle, 1966). On the other hand, maximum yield in the foxtails was 
obtained with long photoperiods (Schreiber, I965). Light intensity has 
been reported as being important too. Yields of giant and yellow foxtail 
(Santelmann et al, , I963), lucerne (Focke, 1971), wheat (Davidson, 1965)1 
timothy, meadow fescue, cocksfoot (Eyle, I966), and rice (Murata, I966) 
were reduced by decreasing light intensityo 
The influence of temperature varies with species. Yield of timothy 
was lowered by a reduction in temperature (Ryle and Langer, 1963a), while 
yield of Matthiola was reduced by an increase in temperature (Semeniuk, 
1958). The yield of flax was maximum between 16®-20®C and decreased with 
higher or lower temperatures (Dybing and Zimmerman, 1965)» Similarly, 
azaleas produced maximum seed yields at 2l°G and reduced yields at 27°G or 
17®C (Rryor, 1967) « However, temperature had no influence on the yield of 
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alfalfa (Grandfield, 19^5)» 
Factors which have "been of less interest to researchers include: time 
of seeding, time of flowering, and the initial seed size» Late planting 
speeds development and reduces yield in long day plants, whereas short day 
plants show the reverse (Van DoTshens, Corn yield increased with 
later plantings from the first to the last of Kay (Nelson, I966), The 
number of inflorescences per plant increased with later sowing of Polygonum 
persicaria and P, lapathifollum from May to July. Late plantings decreased 
production in giant and yellow foxtail (Santelmann et al. , I963)» wheat 
(Fischer and Kohn, I966) and oats (Wiggans and Frey, 1957a). Late sowing 
decreased the number of tillers and the number of heads of blackgrass, but 
did not affect the total number of seeds (Wellington and Hitchings, 1966)0 
Late flowering decreased seed production of Polygonum longisetum and 
Po lapathifolium (Watanabe and Hirokawa, I968), The time of flowering also 
affected the yield of large seeded flax (Ford, I965). Fall harvest 
increased yield of blackgrama grass (Wright, 1964). 
The effect of initial seed size on the mature plant yield is rarely 
expressed except when plants are grown in a noncompetitive situation. In 
spaced plantings, red clover yields were proportional to the initial seed 
weight (Black, 1959)» Initial seed weight accounted for 2,5-4.5^ of the 
observed variation in the seed production of mature plants of spring wheat 
(Austenson and Walton, 1970). Larger and heavier seed of sunflower 
produced stronger plants with greater yield (Govedarov, 1971), while 
initial seed size had no effect on the yield of medusahead (Nelson et al. , 
1970). 
Seed production has been related to many factors including; fresh seed 
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weight in Polygonum (fiâmmerton and Jalloq, 1970), stem diameter and plant 
height in Polygonum persicarla, Erigeron annuns, E. canadensis, Oenothera 
parviflora, and Ghenopodium album (Hayashi and Numata, I968), insect 
control in side-oats grama (Smika and Newell, I968), and the environment in 
general in flax (Currant, 1962; Bainter et al, , 1944), and clover (Yates, 
1958). The number of seeds per capsule in poppy was dependent on growth 
rate (Harper, I966) and the number of spikelets per panicle in rice was 
correlated with the average nitrogen content of the leaf blades 1-4 weeks 
prior to flowering (Murata, 1966)0 The yield of soybean products was 
dependent on the seed composition and the seed composition varied with 
position on the plant, position within the pod, and position within a 
raceme (Collins and Gartter, 1956)« 
Environmental Influences on Seed Viability 
Germination increased generally with seed maturity and with seed size 
as noted in milk vetch (Yasue and Ota, 196?), green needlegrass (Kinch and 
Wiesner, I963), clover (Yates, 1958), sorghum (Kersting et al» , I96I), 
medusahead (Nelson et al. , 1970), and curled and broad-leaved dock (Carver 
and Harper, I966), Variation existed between sites, plants on the same 
site, and positions on the same plant (Carver and Harper, I966), 
Researchers have noted also that germination within different panicles was 
not necessarily related to seed weight» Johnson (1935) found germination 
of oats correlated to the position in the panicle, while Hammerton and 
Jalloq. (1970) found variation in germination behavior between individual 
plants and within populations of Polygonum, but did not find any consist­
ent relationship to the environment. Matumura et al. (I960) found similar 
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variation "between individual planta within a population of Dl^itariai and 
McWilliams et al. (I968) in Amaranthue» 
Germination of lettuce (Harrington and Thompson, 1952) and Rosa 
(Von Ahraras and Hand, 1956) seed was correlated directly with the average 
mean temperature for 3O days prior to harvest. Germination of lettuce seed 
increased as the daylength and temperature were increased during seed 
maturation (Roller, I962). Increasing the temperature during maturation of 
giant foxtail seed also increased germination (Schreiber, 1965)1 while 
temperature had no influence on germination during the development of 
Plantago seed (Steams, I96O). 
Other environmental influences on seed germination have included 1 seed 
color in pigweed (Williams and Harper, 1965)1 crimson clover, white clover, 
ladino clover, and alfalfa (West and Harris, 1963)1 whether the seed was 
buried in subterranean clover (Yates, 1957); carbon dioxide in Polygonum 
(Ernst, 1968); applications of dichlorprop in Polygonum (Hammerton, 1967b); 
variety and season of collection in rice (Ghosh, 1962)» physiological age 
of the parent plant in lettuce (Thompson, 1937) and tobacco (Steinberg, 
i960); race in Oenothera (Steiner, 1968); and polymorphic shapes in 
Polygonum (Hammerton, 1967b; Pialmblad, 1969). Late planting of Polygonum 
lapathifolium decreased germination. Viability of trigonous seeds of 
Polygonum was affected by nitrogen and time of sowing (Hammerton, 1967b). 
Environmental Influences on Seed Dormancy 
Seed dormancy has been defined and described variously by numerous 
investigators. In this review, only primary or innate dormancy will be 
considered. Amen (I963) has described primary dormancy as "an endogenously 
controlled and/or environmentally imposed temporary suspension of growth 
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and reduced metabolic activity"» 
Seed dormancy has "been linked with the length of development in 
subterranean clover and lettuce (Thompson, 193?)t sind growth rate in 
Sorghum "bicolor (Clark et al. , 196?). Other factors include* maturity, 
seed size, position on the plant, elevation, latitude, variety, time of 
harvest, sowing date, seed coat permeability, photoperiod, soil texture, 
fertilization, irrigation, temperature, and polymorphism. 
Seed dormancy decreased with maturity in milk vetch (Yasue and Ota, 
1962) and increased with maturity in oats (Johnson, 1935)» Increased 
dormancy, as seed size decreased, was shown in herbage legumes (Black, 
1959)» Lathyrus (Gavrielit-Gelmond, 195?)* cats (Johnson, 1935)i and 
clover (Lipp and Ballard, 196^^), Variations have been noted within the pod 
of cocklebur (Davis, 1930); within the panicle of Rumex (Carver and Harper, 
1966), position on the runner in clover (Aitken, 1939)» between populations 
in blackgrass (Wellington and Hitchings, I966) and Polygonum (Timson, 
1965b), within and between species of Polygonum (Ransom, 1935)» within and 
between varieties of alfalfa (Dexter, 1955)» elevations of alfalfa seed 
sources (Dexter, 1955)» latitude of seed sources of Amaranthus (McWilliams 
et al. , 1968) and Plnus strobus (Mergen, I963) and clover (Morley, 1958), 
and regions of collection in Lathyrus (Gavrielit-Gelmond, 195?)• The 
source or the location at which they were grown did not affect the dormancy 
of eight varieties of peanuts (Gavrielit-Gelmond and NaJcamura, 1965)* 
Delayed harvest increased the dormancy of clover (Aitken, 1939)» 
townsville lucerne (Cameron, 196?), rice (Roberts, I96I), Amaranthus 
(Koblova, 1962), and alfalfa (Dexter, 1955)» Similarly, late harvest 
decreased the dormancy of Lathyrus (Gavrielit-Gelmond, 1957), Rosa 
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( VonAbrams and Hand, 1956), and "blackgrass (Wellington and Hitchings, 
1966), Dormancy of Amsinckla decreased with planting date from January to 
July (Connor, 1965)» 
Dormancy was also influenced by seed coat permeability in clover 
(Lipp and Ballard, 1964), photoperiods in Chenopodium (Karssen, 1970), wet 
season in rice (Ghosh, I962), soil texture, fertilization, and irrigation 
in Lathyrus (Gavrielit-Gelmond, 1957), and moisture in alfalfa (Abu-Shakra 
et al. , 1969)0 In lettuce, seed dormancy was influenced not only by 
fertilization, but also by the stage of plant development when it was 
applied (Thompson, 1937)» Dormancy was not influenced by photoperiod in 
Setaria lutescens (Nieto-Hatem, I963), density in alfalfa (Abu-Shakra 
et ale , 1969)1 nor fertilization in wheat and barley (Belderok, I968). 
Dormancy in Rosa was related to the climate prevailing during fruit matura­
tion (VojiAbrams and Hand, 1956); while preharvest weather had no influence 
on the dormancy of wheat, barley (Belderok, I968) or alfalfa (Dexter, 1955)» 
Dormancy in Amaranthus decreased when the seeds were developed in a dry 
climate (Koblova, 1962), In Polygonum fast drying increased seed dormancy 
where slow drying had little effect (justice, 1941), This was noted also 
in timothy (Toole, 1936). Dormancy of cereal plants decreased as the 
temperature at which the seed developed was decreased (Pischnich et al. , 
1962). Dormancy of Chenopodium is known to be influenced by polymorphism; 
brown seed have no dormancy while black, reticulate seed require nitrate to 
break the dormancy and smooth black seed require chilling (Williams and 
Harper, I965). 
Gavrielit-Gelmond (1957) suggested that all conditions which affect 
the nutritional status of the mother plant and its seed may influence the 
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duration of dormancy. However, Toole (1936) doubted that weather affected 
the development of dormancy, Hammerton (1967a) found no consistent rela­
tionship between the amount of dormancy and the climate of the locality of 
origin in Polygonum persicaria. Black (l970) questioned whether environ­
mental factors had any definite influence on dormancy0 He suggested that 
no clear picture has yet emerged from researcho 
Roberts (1961) found differences in the duration of dormancy between 
varieties of rice. He did not, however, find any differences between 
varieties when their length of dormancy was related to their mean amount 
of dormancy. 
Description of Polygonum pensylvanicum 
Polygonum pensylvanicum. often called Pennsylvania sraartweed, is a 
common plant of the eastern United States, Canada, and Mexico (Small,1895) 
and lower elevations in western United States (Muenscher, 1935)« It 
belongs to the family Polygonaceae and the subgenus Persicaria» 
Field emergence begins in mid-April and continues until mid-June in 
the Ames area (Ernst, I968). The plant is characterized by jointed stems 
and swollen nodes, erect 3-6 dm high, branched, leaves alternate, simple, 
lanceolate, entire, glabrous on the lower surface, stipules fused into a 
sheath (ochrea) which is free from ciliate bristles (Muenscher, 1935)» At 
approximately the same time the apex initiates the fourth leaf primordium, 
a bud primordium is initiated in the axil of the oldest leaf (Neubauer, 
1965). Prom mid-July until frost flowering occurs from terminal and lat­
eral. inflorescences. The flowers are actinomorphic and 1- , arranged 
in a. long, thin, spicatc inflorescence. The subtending lea-ves are merely 
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represented "by ochrea, very remote from one another. Each of thr^e ochre 
subtends a 3-flowered, secondary Inflorescence of the rhipidium type, 
where the apparently central flower is the youngest (Holm, 192?), The 
ultimate divisions end in spicate racemes 2-5 cm long which are erect with 
dense pedicels 3-4 mm long (Small, 1895); considered cymules by Lawrence 
(1951), The flowers exhibit 5-merous arrangement with biserrate perianth= 
Two of the outer tepal traces supply single parts while the third leads to 
the double part; i.e. , indications of fusing of one outer and one inner 
whorl to form the five. Also, two traces supply the inner tepals 
(Laubengayer, 1937). The tepals are pink to rose in color, but occasion­
ally white. 
Basically, two series exist in stamens, however, the literature does 
not agree on the total number nor on the arrangement. Holm (192?) reports 
5-8, Laubengayer (1937) 6 (5+1 arrangement), Lawrence (1951) 6-9 (6+3 
arrangement), Muenscher (l935) 8, and Small (I895) 8 or lessa The outer 
Stamens are often introse and the inner extrose (Lawrence, 1951)» The 
anthers are 2-celled, dehiscing longitudinally» The grains are polyporate, 
cao 53 microns, spheroidal and reticulate (Hedberg, 1946). 
The ovary is superior, sessile, unilocular, uniovular, compressed or 
3-angled and is 2-4 carpellate (Lawrence, 1951): traces however, indicate 
a normal maximum of three carpels although frequently showing a 2-carpel-
late condition (Laubengayer, 1937)» The ovary contains an orthotropous or 
atropouE ovule (Berggren, I963), The remainder of the pistil is made up 
of a single style about 3 mm long and a 2-parted stigma separated to the 
middle. Fertilization occurs within 24 hours of anthesis and in ten days 
the embryo extends more than half of the distance around the margin of the 
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fruit (Neu"bauer, 1965)» 
The fruit is an aohene, black, smooth and glossy, with the remains of 
the perianth attached# It is nearly obicular with at least one surface 
concave, sometimes 3-angled (Muenscher, 1935)* The fruit is 2.5-3=5 mm 
long and is often referred to as the "seed". It consists of pericarp, 
integuments, remains of the nucellus, an aleurone layer, a starchy endo­
sperm, and a curved embryo (Justice, 1941), 
A Polygonum plant produces from 1500 to 19,000 seeds per plant with a 
1000 seed weight ranging from 0.68 to 7.00 gm. Average production is 
reported by Stevens (1932) as 31^0 seeds per plant with an average 1000 
seed weight of 3*6 gm. 
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MATERIAL AND METHODS 
This study of the influences of environmental factors on seed weight, 
yield, potential viaMlity, and the duration of dormancy in Polygonum 
pensylvanicum was conducted Inr growth chamber, greenhouse, and field plots. 
Preliminary investigations were required to estahlish patterns of plant and 
seed development and refine certain laboratory methods» The data gathered 
were subjected to appropriate analyses. 
Plant and Seed Development 
Plants were grown from seed in the greenhouse under long days. The 
daylength was then decreased until flowering occurred. Developing flowers 
were dissected and examined. At anthesis flowers were tagged with a 2-inch 
piece of bright colored thread which was looped over the flower and tied 
to the pedicel. Different colors were used to keep tagging days separated. 
The developing fruits were collected at intervals, divested of the perianth, 
weighed, dried, and rewelghed. Prom this data changes in dry weight and 
moisture content were plotted against time. Seed from these collections 
were also taken to the Iowa State Seed Laboratory and evaluated for germi­
nation and stainability in tetrazolium. 
Germination Techniques 
Techniques for germinating smartweed seed have been reported by 
Ransom (1935)• Justice (1941), Everson (19^9), Bayer (l958)i Steinbauer and 
Grigsby (1959)t and Ernst (1968); however, there was little agreement on 
the method. Therefore, three studies were prepared with fresh seed from 
cold storage to establish the best technique. All tests were made in the 
germination chambers of the Iowa State Seefl laboratory# 
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In the first study, three lots were chosen. Bach lot was suladivided 
into 14 samples which were randomly assigned a specific prechill or acid 
treatment. Prom each treatment, two replicates of 100 seeds each were 
germinated» Germination was counted at 6, 8, 10, 14, and 21 days» Ihe 
seed remaining after this period were subjected to a tetrazolium test. 
Germination was computed on the full seed only which hereafter will be 
referred to as "on a full seed basis". 
In the second study, four lots were chilled in-water at 5®C for 60 
days. Then $0 seeds of each lot were placed on a saturated blotter in a 
petri dish, giving 200 seed per treatment. The treatments consisted of the 
eight available controlled temperature chambersi constant 5®i 15®i 20®, 
25°» 35®P» and alternating temperatures of 15®-25®, 20®-30®i and 10®-30°C, 
Germination was counted twice a week. The dishes were moved to the next 
higher temperature each week. After final treatment the remaining seeds 
were subjected to a tetrazolium test and the germination was computed on a 
full seed basis. 
In the third study, the variance in germination was evaluated in ten 
lots. Following a 60 day prechill period, seed were prepared for germina­
tion in three different amountsi three replicates of 80 seeds each, four 
replicates of 50 seeds each, and four replicates of 25 seeds each. Stand­
ard deviation within each test was computed on the full seed germination. 
Potential Viability 
Potential viability is the percentage of viable seed at the beginning 
of a test. This is usually estimated by a cutting or staining test. As 
the cutting test actually provides little knowledge beyond the percent of 
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full seed, a staining test was chosen. The most accepted staining test is 
that with a solution of 2,3f5~triphenyl tetrazolium chloride which tests 
for activity of a particular enzyme system (Lakon, 1949; Moore, 1962). Dur­
ing the respiratory process of biological systems intermediates are pro­
duced which serve as substrata for the enzyme dehydrogenase. In the 
tetrazolium solution hydrogen ions are transferred to the tetrazolium, 
which acts as a hydrogen acceptor* The tetrazolium is then reduced to an 
insoluble, colored formazan (Grabe and Delouche, 1959)« 
Trials were made to determine the concentration of the solution, 
preparation of the seed and length of the soak. 
Duration of Dormancy 
Belderok (I968) established a measure for the duration of dormancy as 
the number of days or weeks between the seed harvest and the time when a 
given percentage of the seeds are capable of germinating under selected 
test conditions. In the case of Polygonum it was already known that the 
seeds are dormant at maturity (Ransom, 1935) and that a prechill in water 
at 5®C was sufficient to eliminate the dormancy. However, because the 
relation of this method to natural breaking of dormancy was unknown, a test 
was devised to estimate it. 
(Riirty samples of 110 seeds each were selected from each of two seed 
lots. The remaining seed were placed in water and prechilled at 5®G in the 
laboratory. The counted samples were sealed in l-j X 1-| inch nylon screen 
packets and placed along with a thermometer on an exposed bank behind the 
author's home. They were covered with ^  inch of sand and staked. Readings 
were taken at 8130 AM and 2*30 PM each day; also, air temperature was read 
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at the same time from another thermometer. Three packets of each lot were 
removed at 2-week intervals and germinated as described before. Seed kept 
in the water at the seed lab were germinated at the same time. A tetra-
zolim test was applied to seed remaining after germination. Viable seed 
which did not germinate were considered dormant» The percentage of dormant 
seeds was computed on a full seed basis and plotted against the days since 
starting. 
Moisture Determinations 
A 5 gro sample was taken from two lots, weighed, and placed in a forced 
draft oven at 105*0. The samples were weighed at intervals to establish a 
drying curve. Moisture content was computed on the basis of the dry weight 
of the seed and plotted against the drying time. A smooth curve was hand-
fitted to the points. 
Effect of Storage 
Research on the influence of storage has been conducted on seeds of 
many crop and tree species, but nothing has been reported on either the 
effects of storage or the optimum storage of Polygonum seed. Considering 
the possible delays in testing seed of experimental trials, examination of 
influences of storage on such seed was planned# This included an evalua­
tion of the influence of both a short and a long term storage on the poten­
tial viability and even more important on the duration of dormancy. 
In the short term study, seed was collected from two sets of plajits 
grown at 65®-80®P and divided into two portions per lot at the time of 
collection. One portion of each lot was spread on the laboratory bench to 
dry for five days, while the other portion was cleaned immediately» As 
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soon as the perianth was removed a germination test was made and the rest 
of the seed was placed in a teaker of water for the duration of dormancy 
test as described earlier. 
In the long storage experiment, fifty-four 2-dram samples were taken 
from a throughly mixed lot. These samples represented the treatments of 
four levels of moisture (2^, 10^, 16^, and 25^)» three storage temperatures 
(-18®, 4,5®, and 2loc), and four storage periods (3» 6, 9» and 12 mo.), with 
a sample to duplicate present storage in polyethylene, and a sample prior 
to and one following moisture adjustment. Fourteen samples were placed in 
aluminum moisture cups in each of four desiccators for moisture adjustment 
which was made according to Gladstone and Hunter (1959)* Anhydiwus GaClg 
or saturated GaClg, NaCl, or KNO^ were used in the desiccators for six 
weeks at 21®G. Following moisture adjustment the seed were sealed with 
labels In 2-dram vials, except for the sample undergoing duplication of 
normal storage. This sample was placed in a double polyethylene bag before 
storage. This process was repeated with an older lot of seed 30 days after 
the first lot was stored. At the end of each storage period moisture 
content, potential viability, and duration of dormancy were determined. 
Moisture content was computed on a dry weight basis. 
Growth Chamber Studies 
Two studies were conducted* the first evaluated effects of constant 
temperature with variables of daylengths, moisture levels, and the positions 
on the plant; while the second evaluated alternating temperatures with 
daylength. 
In the first study a seedlot of the previous year's collection was 
21 
cleaned and sized> i.e. , the light and heavy seed were removed to promote 
more uniform germination. The average weight per 1000 seed was 6.00 gm. 
The seed coat was pierced in the center with a dissecting needle and then 
put in water to soak for three days at room temperature. Following the 
soak, the seed were germinated on saturated "blotters at 10®-30®C in the 
seed lab. When the bulk of germination was underway 120 apparently uniform 
seedlings were transplanted to five inch pots with a 1 il mixture of loam 
and sand in the greenhouse. The plants were grown under l6 hours of light 
for 6l days at which time they were between 30-^0 cm in height, Ihe plants 
were placed in the dark for 48 hours to induce flowering and then randomly 
assigned to a treatment. The 18 treatments were the combinations of three 
temperatures (50®, 65®, and 80®P), three daylengths (6, 10, and 14 hr.), 
and two moisture conditions (wet and dry). Each treatment contained six 
plants. The wet treatments were kept in a pan with more than one inch of 
water while the diy treatments were held just above the estimated wilting 
point "by applying measured doses of water once (at 50® and 65®?) or twice a 
day (at 80®P), The actual wilting point was determined for each treatment 
on two plants at the conclusion of the study. Available moisture was also 
determined, prior to daily watering and one hour after watering. Initial 
and final plant heights, chamber light intensities, number of nodes, time 
of the appearance of the Inflorescence, and the appearance of the first 
flower were determined for each treatment. 
Seed were collected at maturity in two replications of three plants 
per treatment for five positions on the plant (Fig. l), dhe seed were kept 
In open containers in the chambers until all seed on the plants of that 
chamber were matured. Ihe perianth was rubbed free of the seed before any 
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Figure lo A schematic drawing of a smartweed. plant showing the five 
positions on each plant Q for seed collection. These are i 
(l) upper "branch of the terminal inflorescence, (2) lower 
spicate or branch of the terminal inflorescence, (3) third 
flowering spicate or branch from the top of the plant, (4) all 
flowering branches from and including the seventh basal node 
to the fourth flowering spicate or branch from the terminal, 
and (5) all flowering branches from and including the first 
basal node to the sixth node from the base. 
analysis was made. They were then weighed and tested for germination, 
potential viability, and duration of dormancy. 
In the second study, plants were grown and handled the same as those 
in the first study. These plants were then subjected, to alternating temper­
atures of 65®-80®P, with equal time at each, and either a 10 or 14 hour 
daylengtho Two replicates ( five plants in one and eight plants in the 
other) were kept in pans of water at each treatment. Total height and 
lateral growth were measured, prior to and following the study. This study 
ran the same length of time as the first chamber study, but seed were col­
lected without regard to plant position. The seed were handled and tested 
in the same manner as the first study with evaluation of plant characters, 
seed, weight, seed yield, potential viabilityy and duration of dormancy. 
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Greenhouse Studies 
Three environmental factors were evaluated in individual greenhouse experi­
ments for their influence on seed production, viability, and dormancy. 
These studies evaluated the effect ofx fertilization, initial seed size 
and seed type, and soil type. 
Fertilization 
Extra plants from the first growth chamber study were placed on a 
"bench to themselves when they were "between 30 and 40 cm tall» Six plants 
were randomly assigned 0, 681, and I368 pounds per acre of soluble 
20-20-20 fertilizer in pairs. The fertilizer was applied in four applica­
tions at ten day intervals. Plant measurements were made before and dur­
ing the study. At maturity the seed were collected by individual nodes. 
Evaluation was made on seed weight, yield, potential viability, and dura­
tion of dormancy after cleaning. 
Initial seed size and seed type 
Seed of recent greenhouse collections were separated on an Ames blow­
er into four sizes by weight. Seed coats were partially removed and the 
seed germinated on saturated blotters in the seed lab. The seedlings 
were transplanted to five inch pots in the greenhouse and grown under 
16 hours of light until they were approximately 80 cm tall. Three 
plants from each size were then allowed to flower and the matured seed were 
collected, cleaned, weighed, and tested for dormancy. A fifth size was 
added to the study; the 3-sided polymorphic seed. 
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Soil type 
Seedlings were selected from seed germinated in the seed lah and 
transplanted to five inch pots in the greenhouse. Five soil mixtures were 
usedI (l) loam, (z) half peat and half loam, (3) half loam and half sand, 
(4) half peat and half sand, (5) sand. Three pots were prepared per treat­
ment. One pot was placed in each of three pans of water with random place­
ment within each pan. The plants were grown 40 days under 16 hours of 
light before being induced to flower. Measurements of plant growth were 
taken after the mature seed were collected. Bie seed were dried, cleaned, 
and tested. 
Field Study-
Seeds from a collection of the previous year were placed in a beaker 
of water at 5®C for 30 days. Then every two weeks for 12 weeks 30 petri 
dishes were filled and placed in the germination chamber. Between the 
fifth and twelfth days of germination ca. I3OO seedlings were transplanted 
to two inch pots in the greenhouse in a 113 sand-loam mixture. Seedlings 
were selected when they were a minimum of three centimeters and a maximum 
when the cotyledons were being pushed from the pericarp. After four weeks 
in the greenhouse, plants were outplanted in a cultivated area east of 
Beech Avenue. Each planting consisted of four replications with two mois­
ture levels, and three spaclngs (6 x 6, 12 x 12, and 18 x 18 inches). Each 
treatment consisted of nine plants with a double border to maintain den­
sity; a total of 49 plants per treatment. Hants were set out April 30» 
Kay 14, May 28, June 10, June 25, and July 9« This was also the range for 
natural germination. Hant measurements on flowering and growth were made 
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at two week Intervals until all plants were flowering. Bcuyoucos moisture 
"blocks were placed at three inch intervals from three to eighteen inches 
deep in each spacing of one replication of the third and sixth planting in 
the dry treatment. Vacuum moisture gauges were placed in three plots of 
the close spaced plantings of the wet treatment» Readings were made twice 
a week and physical samples were taken every other week to calibrate "block 
readings. A weather station with a hygrothermograph and a rain gauge was 
placed in an open area in the center of the dry treatment. Continual weed­
ing eliminated unwanted competition. Pour collections were made as the 
seed matured (June 1?» September 2, September 24, and October 8) by gently 
sliding the inflorescence between the thumb and forefinger over a tray, A 
minimum of 100 cc were collected. Only on one replication of the second 
collection was an attempt made to collect all available mature seed» The 
seed were spread on paper in the greenhouse for five days to dry after 
collection. After this they were rubbed clean in cloth sacks, screened 
to remove debris, and tested. Measurements included seed weight, potential 
viability, and duration of dormancy. After the last seed collection a 
representative plant of two replications of each treatment (39 specimens) 
was collected and pressed for later measurement of growth and flowering. 
Weather data was summarized so that it might be correlated with all main 
factors showing significant differences in dormancy. 
Laboratory Studies 
Two studies were conductedt determination of physicsuL differences in 
the fruit parts, and imbibition of dormant and nondormant fruits. These 
were prepared to evaluate any physical changes resulting from the 
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differences due to environmental influences# 
Measurement of fruit parts 
Fruits used were from the constant temperature growth chamber study» 
They had "been stored in sealed vials at 40®F since collection. Measurements 
were made on emtryo weight, endosperm weight, pericarp weight, and the 
length, width, height, and thickness of the pericarp. 
Prom each daylength of the 65® and 80®F treatments, three replicates 
of ten fruits each were selected at random for physical measurements® The 
fruits were pierced in the center and placed in water overnight» îhey were 
then sliced along the suture and the embryo and endosperm were removed with 
dissecting needles under the low power scope and placed in separate weigh­
ing "bottles. The seed coat adhered to the endosperm. These "bottles and 
their contents were then dried at 80®C for 24 hours. Upon removal from 
the oven, they were placed in desiccators with anhydrous GaClg for two hours 
to cool and then weighed to o'btaln the dry weight of the contents. 
A 1.5-3«OX scope with a micrometer eyepiece was used to measure the 
pericarps. Only half of the pericarp was used for these measurements. 
Measurements of length, width, and height were made with the 1,5X« ®ie 
ten halves of the pericarp were weighed next; then sliced lengthwise and 
turned on end to measure thickness with the 3% at the center and each end. 
From these measurements pericarp area and volume were computed. Area for 
the top surface was determined "by the formula for a circle (nr®) if the 
length and the width differed by less than 0.2 mm. If not, area was deter­
mined by the formula for an ellipse (irab, where a and b are semiaxes). 
Area of the rim around the pericarp was determined by multiplying the 
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height by the appropriate circumference. Volume was computed by multiply­
ing the area by the thickness. 
Imbibition of dormant and nondormant fruits 
Three experiments were conducted to evaluate Imbibition, In the 
first, three lots of seed from previous studies which had been chilled 
until dormancy was broken and then redrled slowly were compared with samples 
of the same lots which had not been prechllled. Seed were placed in 50 cc 
beakers with water at 4*0. The seed were blotted dry and weighed after 
1, 4, and 13 days of soaJcing, At 13 days 100 seeds of each sample were 
germinated on blotters to insure differences existed between the previously 
chilled and the nonchilled. Water uptake was plotted against soaking time# 
In the second study, a single lot of previously chilled and redrled 
seed and another lot of nonchllled seed were divided in half. One half of 
each lot was soaked at 4®C and the other half at 25®C. The seeds were 
blotted dry and weighed after one and fourteen hours of soaking. Increase 
in moisture content of the seed was plotted against time» 
In the third experiment, a stored lot of seed was sized on an Ames 
blower, producing five sizes. ïhe mean 1000 seed weights were determined 
for each size. Each size was subdivided into four samples. Each sample 
was then soaked in a beaker of water at 4*0. The seed were blotted dry and 
weighed at 1, 4, and 13 days. Following final weighing, the seed were cut 
to determine the percentage of full seed. The unit increase in moisture 
was plotted against time. 
Statistical Analyses 
Tlie Inulvldua-l analysis varisd irltk the complexity of the B+Aifly and 
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will therefore be discussed as they occur. 
In general, data for comparisons were subjected to an analysis of 
variance with significance noted only at the one percent level of proba­
bility. Potential viabilities which had more than 20 percentage points 
between the highest and the lowest figure were transformed to arc sine 
values before analysis. Significant effects were then examined with a 
multiple range test. Main factors in the small studies which did not show 
significance at the one percent level of probability but which showed 
noticeable differences between some of the means were tested by orthogonal 
comparisons. 
Correlation and regression were computed for apparent comparisons in 
the larger studies. 
Only standard deviation was computed on the data of the small inves­
tigations and data which did not lend itself to further analysis. Data 
not lending itself to any statistical analysis is presented in a figure or 
tableo 
planting 
collection 
1 
2 
3 
4 
mean 
X X 
1 X X X X X  X 
X X X  X 
X 
mean 
Figure 2o Summary of data collected (x) with lines showing grouping of 
data for analysis. A general analysis was made on the means 
of collection and planting; then the data was grouped for 
further analysis. The four groups for analysis were: (l) 
planting 1 & 2 with collection 1 & 2, (z) planting 1 to 6 with 
collection 2, (3) planting 3 to 6 with collection 2 & 3, and 
(4) planting 6 with collection 2 to 4. 
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A special problem developed In the analysis of the field data "because 
collections could not "be made of all plantings each time. Therefore, a 
general analysis was made first on the means of collection and planting. 
Further study required analysis of partial data as illustrated in Figure 2o 
The four analyses were* (l) planting 1 & 2 with collection 1 & 2, (2) 
planting 1 to 6 with collection 2, (3) planting 3 to 6 with collection 2 & 
3, and (4) planting 6 with collection 2 to 4. 
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RESULTS AND DISCUSSION 
The influences of eleven environmental factors on plant regeneration 
were evaluated for the fresh matured seed from plants grown in growth 
chambers, greenhouse, and the field. Evaluation was made for individual 
factors under controlled conditions and for : the Interaction with a limited 
number of other factors, %en evaluation was made on material grown under 
natural field conditions where the environment was monitored. 
Plant and Seed Development 
Plants grown in the greenhouse could be induced to flower with the 
fourth leaf or they could be kept vegetative by application of more than 
15 hours of light. Increased vegetative growth before floral induction 
produced a greater flowering potential and a more uniform flowering 
process. Due to inherent seed dormancy, uniform plants could not be 
obtained in the greenhouse by planting seed. To circumvent this problem, 
seed were prechilled in water for 60 days and then germinated in temper­
ature controlled chambers at the Iowa State Seed Laboratory in petri 
dishes. At maximum germination seedlings of uniform size were collected 
and transplanted to pots of soil in the greenhouse. The plants were well 
established 24 hours after transplanting. 
All flowers examined in this study had 7 stamens in a 5+2 arrangement. 
Two pair lie opposite the outer tepals and the fifth opposite the double 
tepal as indicated by laubengayer (1937) to form the outer series. The 
inner series consists of a stamen on each side of the flattened pistil; 
i.e. , the two inner stamens and the outer stamen by the double tepal form 
a straight line bisecting the flowei: (Figure 3). Each cell cf the anther 
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contained 42 ± 5,85 pollen grains which were formed shortly after the 
anther reached 280 microns in length. 
One point of interest noted in this study and from material collected 
in a soybean field at the University of Minnesota's Agricultural Farm at 
Rosemont, Minnesota concerned the length of the stamens. The center two 
stamens were nearly twice as tall as those on the periphery until just 
prior to anthesis and most likely accounted for most of the pollination 
not accomplished "by insects. As commonly as this was noted, no reference 
of this could be found in the literature. 
Figure 3» Floral diagram of a mature smartweed flower. 
Seed maturity was followed by tagging the flowers at anthesis. 
Figure 4 shows the changes in dry weight and moisture content as the fruit 
developed. The first 10 days followed the description by Neubauer (1965). 
Depending on the temperature at which the plant was grown it would 
release at a touch of the finger between 18-28 days from anthesis. It 
was therefore possible to rub the inflorescence lightly between the thumb 
Figure 4. Changes in dry weight and moisture content of smartweed fruit 
from anthesis to maturity when grown at 18-27*0. 
MILLIGRAMS OF DRY WEIGHT 
PERCENT MOISTURE CONTENT ON DRY WEIGHT BASIS 
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and the forefinger and remove "both mature and aborted seed» 
Seed which were ten days old from anthesls would stain as "being viable 
and would germinate (Table l) while younger seed deteriorated. As the 
seed became older the tetrazolium stain became lighter. This is inter­
preted as an indication of reduced respiration and possibly an increased 
dormancy. 
Table 1, Germination and tetrazolium evaluation of three replications of 
10 seeds each of smartweed at various days from anthesis. 
Time in Germination Percent 
days percent staining Remarks 
k 0 0 all brown 
6 0 0 all gray-brown 
8 0 3 embryo red-endosperm brown 
10 23 70 normal 
12 3 100 embryo lighter red 
15 3 100 embryo lighter yet 
20 0 100 only top of embryo staining 
Germination 
The results of studies on methods of germination, potential viability, 
duration of dormancy, and moisture determination formed the techniques to 
be used in further studies. In initial tests fungal infections inhibited 
germination. This was found to be due to fungal organisms attached to the 
perianth. Thus, in the following tests the perianth parts were rubbed 
free of the fruit. 
Data of the first study (Table 2) show that an alternating temperature 
of 10-30=0 was superior to aii alieiiia Lliig 20-30-G in producing zsxizuz 
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Table 2, Mean full seed germination of samples from three lots of 
smartweed seed from storage after various pregermination 
treatmentsI 
Pregermination treatments Germination percent 
Stored dry at 5®C 
germinated at 20-30*0 5*3 
Prechilled in water at 5®G 
for 30 days-germinated at 20-30*0 13.7 
for 60 days-germinated at 20-30®G 18,7 
for 30 days-germinated at 10-30*0 24,7 
for 60 days-germinated at 10-30®G 42,3 
for 90 days-germinated at 10-30*0 42,7 
Prechilled at 5-35*0 with weekly change of water 
for 3 weeks 58#4 
for 4 weeks 39*7 
SoaJced in concentrated sulfuric acid 
for 15 minutes-germinated at 10-30*C with KNO3 46,4 
for 15 minutes-germinated at 10-30*0 with HgO 35«4 
for 20 minutes-germinated at 10-30*0 with HgO 40,0 
for 20 minutes plus a prechill at 5®C 
for 3 days 21,3 
for 6 days 27«5 
for 13 days 26,3 
germination of smartweed seed, and that an alternating temperature of 
5-350C was best of all. However, this latter method was awkward to main­
tain because it required moving the dishes of seeds between two growth 
chambers. Also, the length of the test at 5-35®C was very critical. If 
the weekly changes were carried on too long germination was depressed and 
therefore did not provide an accurate measure of dormancy. Treatment of 
the seed with sulfuric acid was of no benefit to promoting germination of 
these seed lots. The addition of KNO* to the medium only promoted germi­
nation following an acid treatment. 
Tiitle 3» Mean full seed germination of four lots of smartweed seed which were prechilled for 60 
days prior to germination. They were held for seven days at each temperature moving from 
left to right. 
Viable 
Initial treatment temperatures ungermlmted 
temperature 5«>C 15»0 20»0 25»0 35<>C 20-30»0 15-25»0 10-30»C seed 
5"G 0,0 22.4 — 67.7 72.4 — —  82,3 1.6 
Ijjoc 6.2 26.3 45.9 76.5 ——— ——— 87.1 0.0 
2()oC 49.2 54.9 76.7 ——— — 84,9 1.5 
25®C 47.7 65.8 ——— ——— 82.4 4.1 
35®G 68.3 83.9 5.0 
20-30*0 82.7 — 85.8 4.5 
l.')-25«C 85.3 85.8 2.0 
10-30*0 89.9 1.5 
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In the second study (Table 3) germination increased as the constant 
temperature increased, but alternating temperatures were superior to 
constant temperatures. Again, an alternating 10-3(PG provided maximum 
germination. 
Data of the third study (Table 4) shows uniformity between rep­
licates regardless of the sample size. In view of the limited seed in 
some experiments, this data indicated that acceptable accuracy could be 
obtained with fewer seed. 
Table 4. Mean and range of standard deviation of germination between rep­
licates of ten lots and three sampling techniques. The sam­
pling techniques were: three replications of 80 seeds each, four 
replications of 50 seeds each, and four replications of 25 
seeds each. 
Number of seeds per replication 
80 50 25 
Mean standard deviation 
of ten lots ±3.74 ±3.02 ±2.15 
range of standard deviation 2,55-6.08 2,24-4,80 1,00-2,93 
Based on these exploratory results, germination methods for further 
research were standardized as follows. 
Four replicates of 25 seeds each were placed on a 
single, saturated blotter in a petri dish, and germi­
nated at 10-30®C for 21 days with weekly counts. 
Prior to any germination, fresh collected seed was 
spread out on an office desk (ca. 24*0 and 35^ 
relative humidity) to dry the perianth parts. Seed 
was then rubbed in a cloth bag to remove as much of 
the perianth as possible. With extremely small lots 
two replications of 25 seeds each were used. Lots 
of fewer than 5Û seeds were not tested, seeds were 
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considered germinated when the radicle was more 
than 1 cm long; germination was computed on a 
full seed "basis. 
Potential Viability 
Through trial and error an acceptable tetrazolium technique was 
developed. Some of the findings were; seed pierced in the center with a 
dissecting needle gave better staining than seed with portions of the 
pericarp removed, a solution would provide adequate staining in 24 
hours and still be readable up to 48 hours, water prior to staining did 
not improve the staining, only the embryo stained, and most accurate 
readings were those made after the seed had been subjected to a regular 
21 day germination test. This latter finding was believed to result from 
borderline cases which began to deteriorate when respiration was increased 
and thus reduced the variability in the staining. 
On the basis of these findings, the test for potential viability was 
as follows. 
The sum of the germination percentage at 21 days 
of nonchiUed seed and the percentage of seed 
remaining at the end of the germination test which 
stain in tetrazolium were obtained. The tetra­
zolium test was made on seed pierced in the center 
with a dissecting needle and placed in a 
solution of 2,3,5-'triphenyl tetrazolium chloride 
for 24 hours at 35®C« The seed was then washed in 
tap water for 15 seconds, sliced longitudinally 
on the suture, and evaluated. 
Duration of Dormancy 
Termination of dormancy was determined under field conditions by 
placing packets of seed at a convenient location outdoors in early 
Pec?!?!???; 
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Eight inches of snow fell the day after setting out the packets. 
This brought the temperature at the seeds to 0-5*0 which lasted until half 
way between tests three and four, when the snow melted. Although air 
temperatures after this ranged from -30® to +i5®G, the soil above the seed 
remained moist until the fifth test due to occasional snow and rain. After 
this the soil dried and a secondary dormancy was noted in the remaining 
seed, 
%e slopes of the laboratory and field data (Figure 5) were analyzed 
(Table 5) and were not found significantly different. Thus, the labora­
tory technique adequately represented the field conditions, but shortened 
the time cycle. Furthermore, smooth germination curves could be obtained 
up to 90 percent or more of the potential viability. From this the 
following technique was established. 
After initial tests, the remaining seed were placed 
in 50 ml beakers filled with tap water. The seeds 
were stirred vigorously to break the surface tension, 
then placed at 5®G. Hie water was replaced every 
other week until it remained clear between checks. 
Light seed (floaters) were removed in the first 
change. Germination tests were conducted every ether 
week from the beakers until 50 percent of the 
potential viability was reached and then weekly until 
90 percent of the potential viability was obtained. 
Duration of dormancy was then recorded as the number 
of weeks to reach 90 percent of the potential 
germination. 
Moisture Determination 
Determining the moisture content of smartweed seed on a diy weight 
basis required drying the seed more than 36 hours (Figure 6) at 105*0, 
Seed were weighed in the wet condition, dried at 105*0 for 48 hours, 
removed to a desiccator of OaOlg for a minimum of two hours, and weighed 
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Field 
(t = -1.16) 
Lab 
(b= -0.98) 
15 30 45 60 
Length of Prechill in Bays 
90 
•Figure 5. Change in dormancy of smartweed seed under laboratory prechill 
and natural winter field conditions. Plot drawn from mean of 
four samples at each of four test periods for laboratory seed 
and five test periods for field seed. Slope of regression line 
given in parenthesis. 
Table 5« Statistical test for differences in the slope of the regression 
line of Figure 5» 
Source df ss F 
Residual from common regression 9-3 = 6 114.46 
(2 means, 1 slope) 
Residual from individual regression 9-4 = 5 87,67 
(2 means, 2 slopes) 1.53 ris 
Residual for slope difference 1 26,79 
41 
15.04 
I 
I 
5 
•gl4.0.. 
c 
(D 
I CQ 
13.0 
10 20 30 40 
Drying Time in Hours 
50 
Figure 6. Drying of sraartweed seed at 105*0. A smooth curve was hand 
fitted to the points. 
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dry, %e moisture content was determined according to the following 
formula. wet weight - dry weight ^ jqq 
dry weight 
Storage Studies 
A summary of the results of the short term storage is given in Table 
6. The results indicated that a short period of drying at maturity had no 
effect on the duration of dormancy. This is probably because all of the 
drying appeared to occur in the perianth parts. 
%,ble 6, Results of smaxtweed seed collected from two sets of plants. 
Half of each collection was dried five days, while the other 
half was tested immediately. Means are given with standard 
deviation. 
Type of test Immediate test Five day drying 
Potential viability percentage 86 ± 5 90 ± 5 
Duration of dormancy in weeks 10 ± 1 10 ± 1 
The influence on moisture content, potential viability, and dura­
tion of dormancy is presented separately for the long term storage study, 
A summary of the moisture determinations is given in Table 7» Mois­
ture contents were slightly higher after adjustment for the second lot 
than for the first. There were no significant changes (Table 8) in the 
moisture of any of the sealed samples. The moisture content of seed at 
the 10 percent level was not significantly changed from the original 
sample, while the others were either increased or decreased. High and 
low moistures (z^  cc 25^ ) could iioi lié iiialnLalned in polysthj-lsnc bagCw 
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Table ?. Summary of the moisture content of stored smartweed seed initial­
ly and following storage at various durations. 
Desired moisture 
Irit 1 lat 2 
adjustment 2 10 16 25 2 10 16 25 
Original moisture —10*6* 
-13.3-
Moisture after 
adjustment 2.2 11.1 16.3 23.8 3.5 10.7 19.2 27.4 
Moisture after a 
storage ofi 
22.6 3 months 2.1 10.2 16.4 2.8 9.9 18.4 24.2 
6 months 1.3 8.9 14.9 21.2 6.1 13.3 21.® 27.5 
9 months 3.5 10.4 17.6 22.9 4.0 10.7 18.6 24.0 
12 months 2.6 9.8 15.8 22.3 3.9 10.3 18.3 23.2 
In plastic for 
12 months 9.7 10.1 17.2 27.2 8.4 11.2 15.2 18.3 
A summary of the data on potential viability is given in Table 9» 
Percentages were transformed to arc sine values before analysis (ikble lO). 
Range tests of significant treatment means is given in Table 11. 
Increasing the moisture decreased seed viability. Seed viability 
also decreased as the storage temperature increased, even at low moisture 
contents. Seed were completely killed when stored at 70*P with moisture 
contents greater than 14 percent. The least effect was noted with 10 
percent moisture content stored in sealed vials at 0® or 40°P« If stored 
In polyethylene at 40*?, 10 percent moisture was found optimum. It is 
interesting to note that this is the moisture content of seed which are 
collected and spread until the perianth drys. 
Table 8, Summary of the analysis of variance for individual moisture treatments. Any significance 
is noted at the one percent level of probability (*) only. 
Moisture level analyzed 2 percent 10 percent 16 percent 25 percent 
Source df 88 F ss F ss P 86 P 
Period of storage 3 6.52 0.67 4.62 0.60 6.42 0.28 8.08 0.47 
Temperature 2 3.54 0.54 0.56 0.11 11.03 0.73 12.36 1.09 
Interaction 6 1.54 0.08 0.62 0.04 2.27 0.05 4.41 0.13 
Error 12 38.97 30.69 90.67 68.13 
Total 23 50.57 36.49 110.39 92.98 
Table 9« Summary of potential viability percentage of stored smartweed seed before and after 
various periods of storage. 
Desired Original Viability 
moisture viability after moisture 
content percent adjustment 
3 months 
2 
10 
16 
25 
94.5 86.1 
Duration of storeige 
6 months 9 months 12 months 
Storage temperature 
plastic 
0»p 40"? 70op 
89.5 87,5 83.0 
88.5 91.0 92.5 
85.0 90.5 66.5 
81.5 75.0 3.0 
Qop 40®P 70»F 
85.5.72.0 87.0 
94.0 88.0 .90.0 
82.5 87.5 11.0 
69.5 71.0 0.0 
Qop 40*? 70*P 
88.5 84.0 86.5 
91.0 95.0 86.5 
92.0 82.5 
86.5 83.0 
2.5 
0 . 0  
Oop 4oop 70°? 40®P 
97.0 97.0 88.5 91.5 
91.5 93.0 91.0 89.5 
89.5 92.5 
73.5 67.5 
0 .0  
0 .0  
88.5 
69.0 
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Tfeible 10. Summary of analysis of variance on potential viability percent­
ages after transformation to arc sine values. Analysis was 
made on the viability of smartweed seed stored for one year 
with samples tested at three month Intervals. Significance was 
noted only at the one percent level of probability (*), 
Source df ss F 
Moisture (m) 3 14714.69 35.93* 
Temperature (t) 2 17143.88 62.80* 
Period of Storage (P) 3 247.05 0.60 
M X T 6 14898,94 18.19* 
M X P 9 1643.61 1.34 
T X P 6 1220.16 1.49 
M X T X P 18 2231.61 0.90 
Error 48 6552.06 
Total 95 58648.00 
Table 11. Multiple range test on significant treatments of Table 10. 
Moisture content M X T 
10 2 16 25 
92.6 89.5 67.2 47.8 
Temperature Moisture 
2 10 16 25 
0®F 92.9 92.6 89.5 81.2 
Temperature ^ 
Oop 40»? 70®P 40»? 93.3 92.7 88.1 75.7 
8?'^ 88.2 45.0 2 16 25 
70®P 91.8 87.3 0.0 0.0 
noteI means not connected by the same line are significant at the one 
percent level of probability. 
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%tle 12 gives a summary of the data of the duration of dormancy for 
this storage study. Die analysis of the data is given in Table I3 with a 
range test of significant means in Table 14. 
A strong secondary dormancy resulted from the forced decrease in 
moisture content which was noted at all temperatures. The duration of 
dormancy increased with a decrease in storage temperature. If dormancy 
is the important measurement, some change can be expected with any storage 
treatment. The least change was noted at moisture contents above five 
percent, when stored at temperatures of 0® or 40®F for storage periods of 
less than nine months. Thus, if the moisture content is not rapidly 
reduced and proper storage is observed, storage of less than three months 
should not significantly influence the results of future studies. 
Table 12. Summary of the duration of dormancy in weeks for smartweed seed 
which was stored for one year with periodic testing. 
Desired moisture content 2 10 16 25 
Dormancy of original lots 5*5 
Dormancy after moisture adjustment 6.6 
Dormancy after1 
Qop 16.5 6.5 8.0 7.0 
3 months 40®P 16.0 10.5 7.0 10.5 
70*F 17.0 10,5 16.0 
Qop 15.5 10.0 6.0 7.5 
6 months 40®F 14.5 8.0 4.0 9.0 
70»P 14.5 7.5 8.0 —— 
0®P 31.0 10.0 16.0 16.0 
9 months 40®? 22.5 13.5 7.5 16.0 
70®P 22.0 8.5 — — —  — — —  
0®P 17.0 14.5 13.5 13.5 
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Table 12. (Continued). 
Desired moisture content 2 10 16 25 
Dormancy after: 
storage period - temperature 
12 months 40®F 
70op 
17.0 
18.5 
13.5 
6.5 
9.0 12.0 
In plastic1 
12 months 40®P 16.0 14.0 12.5 15.5 
Table 13» Summary of the analysis of variance on the duration of dormancy 
in weeks of stored smartweed seed, The seed were stored for one 
year with samples tested at three month intervals. Signifi­
cance was noted only at the one percent level of probability 
(•). 
Source df SB F 
Moisture (m) 3 1877,58 31.69* 
Temperature (t) 2 434.44 11,00* 
Period of Storage (P) 3 294,75 4,97* 
N X T 6 4!f2,48 3.73* 
M X P 9 281.00 1.58 
T X P 6 381.06 2.54 
M X T K P 18 306.69 0,86 
Error 48 948.00 
Total 95 4966,00 
Growth Chamber Studies 
A general discussion is presented for each growth study followed 
by a more specific discussion of the influence on seed weight, seed yield, 
potential viability, and the duration of dormancy. 
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Table 14. Multiple range test on significant treatment means of Ikble 13, 
Moisture content 
2 10 16 25 Control 
18.5 10.0 7.9 7.6 6.6 
Temperature 
Qop 40OF 70®F 
13.0 11.9 8.1 
Storage period 
9 12 3 6 
13.6 11.3 10.5 8.7 
M X T 
Temperature Moisture 
2 25 16 10 
Oop 20.0 11,0 10,9 10.3 
2 25 10 16 
40op 17.5 11.9 11.4 6.9 
70op 
2 10 16 25 
18.0 8,3 6.0 0.0 
NoteI means not connected by the same 
line are significantly different 
at the one percent level of 
probability. 
%.ble 15. Days to appearance of (a) inflorescence and (b) first flower 
after appearance of inflorescence on smartweed plants grown 
under controlled conditions of daylength, temperature, and 
moisture. 
Daylengths (a) Daylengths (b) 
Temperature Moisture 6 10 14 E 6 10 14 Z 
65®P wet 21 18 14 62 12 12 12 36 
dry 21 20 26 67 13 11 15 39 
S 42 38 40 25 23 27 
80«P wet 6 9 21 36 
dry 7 11 26 44 
Z 13 20 47 
6 5 8 19 
9 7 11 27 
15 12 19 
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Constant temperature study 
Plants at 50®P did not flower in 28 days, so the temperature was 
increased to 80®P, At the appearance of an inflorescence in each plant 
the temperature was reduced again to 50®F, Brown (I960) found a similar 
response in the flowering of soybean. Flowering was delayed by reduction 
in temperature and no flowers were produced at 50°F. 
Floral development in the smartweed decreased with temperature from 
80® to 50®F and from wet to dry (Table 15)« The flowers at 80°P were all 
white, those at 65®F began white but later became pinkish and those at 
50®P were shades of pink to rose. Close observation indicated that 
flower color darkened as the growth rate of the terminal was reduced. 
Color changes were noted in delays of approximately six days in floral 
development. As the temperature decreased, daylength had less effect. 
Joffe (1958) noted differences in flower color of birdsfoot trefoil 
between greenhouse and field plants but attributed it to light quality 
and intensity. In the smartweeds this would seem to be related to growth, 
Bonner and Vamer (I965) report that the main function of flavonoids in 
plants is their contribution to flower color. They have an indirect role, 
though, in the function of plemt growth regulators. They also indicate 
that anthocyanin synthesis is related directly to carbohydrate metabolism 
and starch synthesis. Thusy the relationship here may be one of impor­
tance in the study of dormancy if dormancy might be shown to be chemical 
in nature instead of physical. 
Little difference was noted between the six and ten hour day in 
floral development, except in fast growing plants (80°? and wet)» 
Likewise, the influence of moisture was more noticeable under long days. 
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Some variations existed in the light intensity of the different chambers 
(Table 16). TSie main variations were those among daylengths. 
%.ble 160 Average footcandle measurements made with a Smith-Wesson 
illuminance meter at flowering height for each treatment. 
Daylength in hours 
Temperature 6 10 14 
50op 2000 2175 2600 
650F 1750 1900 2500 
8O0F 1600 2000 2600 
Table I?» Available soil moisture of potted smartweed plants in growth 
chambers at the end of the study. In the dry treatment the 
range is given (minimum prior to watering - maximum one hour 
after watering)a The figure in the parentheses is the mean 
wilting point based on the dry weight of the soil of two plantso 
Growth temperature 
Moisture Daylength 50®F 65®F SQOF 
6 hours 24.6 19.3 20.2 
wet 10 hours 21.8 19.0 16.6 
14 hours 22.6 16.9 22.9 
6 hours 1.4-6.8 2.6-7.6 0.6-5.S 
(6.5) (7.4) (5.4) 
dry 10 hours 1.7-4.5 0.1-7.8 1.5-5.8 
(4.4) (6.8) (5.0) 
14 2.6—6.6 0.9-4.4 0.1-4.6 
(5.2) (4.4) (5.5) 
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Tkble 18, Analysis of smartweed plant height "before subjecting them to 
treatment and the growth gained during treatment. Significance 
was indicated only at the one percent level of probability (*). 
Prior to study Gain during study 
Source df ss f ss p 
Temperature (t) 2 211.76 0.56 3924.76 4.10 
Moisture (m) 1 336.11 1.76 36258.51 75.73* 
Daylength (d) 2 558.22 1.46 1826.68 1.90 
T X D 4 615.54 0.81 3644.66 1.90 
T X M 2 511.69 1.34 473.60 0.49 
P X M 2 401.73 1.05 1438.01 1.50 
Error 22 4189.59 10533.19 
Total 35 6824.64 58099.41 
Moisture control is shown by the measurements in Table 17« There 
was a marked difference between the wet and the dry conditions. Figure 7 
also shows that growth during the study depended on the available mois­
ture. Although some treatments approached the wilting point daily, all 
plants produced some growth. The plants grew faster at 80®F and when 
watered, but the only significant differences in growth were those 
between the watered and the dry treatments (table 18), 
Only half as many nodes were added during growth at 50°F as at the 
other temperatures, but the intemodes were longer than those of plants 
grown at the other temperatures (Table I9). Also, a ten hour day caused 
production of more nodes and shorter intemodes than did longer or shorter 
daylengths (Table 20), 
A second noticeable effect of these treatments was on the length of 
the top branch of the terminal Inflorescence (Table 21), Those at 50*? 
were not measured because of the short growth and the crowding of flowers. 
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Figure 7» Increase in height growth of smartweed plants by treatments 
while in the growth chambers. Means not connected by the same 
line are significantly different at the one percent level of 
probability. 
Table 19» Increase in the number of nodes on smartweed plants grown 
under controlled conditions of temperature, moisture, and 
daylength. 
Giowth temperature 
50of 650p sqop 
Moisture condition 
Daylength wet dry wet dry wet diy 
6 hours 15rO 13.5 24.5 25.5 23.5 25.5 
10 hours 16.5 17r5 25.5 25.0 25.0 26.5 
14 hours 12.5 12.5 26.0 28.0 24.0 26.0 
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Table 20. The length of the nodes that were added to smartweed plants 
during growth under controlled conditions of temperature, 
moisture and daylength, in centimeters. 
Growth temperature 
50»F 65®F 80op 
Moisture condition 
Daylength wet dry wet dry wet dry 
6 hours 3.55 2.50 1.79 1.07 2.39 1.16 
10 hours 2.36 1.82 2.01 1.37 2.79 1.24 
14 hours 4.31 1.91 2.2? 1.11 2.73 1.65 
%ble 21, Length of the terminal branch in centimeters of the terminal 
inflorescence of smartweed plants grown under controlled 
conditions of temperature, moisture and daylength. 
Growth temperature 
650P 80®F 
Moisture condition 
Daylength wet dry wet dry E 
6 hours 2.08 1.92 4.75 3.75 12.50 
10 hours 4.00 2.83 4.75 4.00 15.58 
14 hours 3.00 1.83 3.O8 1.75 9.66 
£ 9.08 6.58 12.58 9.50 
Some inflorescences were so crowded that flowers never opened. The long­
est inflorescence branches were produced at 80*? under wet conditions and 
at ten hours of light. From most of the measurements in this study, one 
may note that the results at ten hours of light appear to be superior to 
either of the other daylengths. However, this plant never realizes such 
a short day in its natural environment. In the Ames area the daylength 
is slightly over fifteen hours by raid-July when Polygonum starts to 
flower and decreases to slightly under twelve hours at first frost in 
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early October. Therefore the Influence of ten hours of light in this 
study is believed to be an artifact of the constant temperature which will 
be discussed in the next experiment reported* 
Seed weight Due to the wide variation in the seed weights 
between treatments three factor interactions were not included in the 
analysis presented (Table 22), and only significance at the one percent 
level of probability is discussed. 
Table 22. Summary of the analysis of smartweed seed weight from plants 
grown under controlled conditions of temperature, moisture and 
daylength. Significance is noted (*) only at the one percent 
level of probability, 
Source df ss F 
Temperature (T) 2 1036.5460 559.69* 
Moisture (M) 1 14.2073 15.34* 
Position (P) 4 73,4642 19.83* 
Daylength (d) 2 10,9852 5.93* 
T X D 4 17.9794 4.85* 
T X P 8 27.2523 3.68* 
T X M 2 18.3087 9.89* 
D X P 8 3.O834 0.42 
D X M 2 0.3056 0.16 
P X M 4 4.4069 1.19 
Error 142 131.4954 
Total 179 1338.0344 
The main factors accounted for 85 percent of the variation in seed 
weight, 2-factor interactions 5 percent, and 3-faotor interactions 3 per­
cent. Temperature was by far the most significant variable, accounting 
for 77 percent of the variation. Only seven percent of the variation was 
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not accounted for. 
The main factors are depicted In Figure 8. Seed produced at 80®F 
was only half the weight of seed produced at lower temperatures. Although 
seed produced at 50°P appeared smaller than that at 65°F, it was really 
larger. The importance of this is expressed in the higher weight of the 
excluded polymorphic seed and the small standard error (±0,95 gm) of an 
individual measurement. Pblymorphic seed was so rare in the first seed 
collected (at 80®P) that it was excluded from weight measurements and thus 
excluded from all collections. However, as shown in Table 23» the per­
centages of three and four sided seed increased as the temperature at 
which they were produced decreased. This is even more dramatic in that 
the higher percentages were recorded with fewer seed collected. Such seed 
were three or more times heavier than the flat seed, 
Qfeihle 23» Percentages of polymorphic seed and total number of seed () 
produced at each treatment on smaxtweed plants grown in 
controlled growth chambers. 
Daylength in hours 
Temperature 6 10 14 total 
50op 4.37* 1.71# 4.23# 3.41# 
(549) (585) (378) (1512) 
65®P 0.16# 0.12# 0,08# 0.12# 
(1902) (2568) (1240) (5710) 
80OF 0.13* 0.00# 0.00# 0.04# 
(3145) (4793) (3562) (11,500) 
total 0.55* 0.16# 0.33# 
(5596) (7946) (5180) 
Figure 8, Summary of the main effects on seed weight of smartweed seed 
produced on plants grown under.controlled conditions in 
growth chambers. The positions on the plant are shown in 
Figure 1 on page 22. Means not connected by the same line 
are significantly different at the one percent level of 
probability. 
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%G main factor analysis indicated that seed produced under moist 
conditions was heavier than that produced under dry conditions. Also, 
seed was lighter when developed under six hours of light as opposed to 
longer periods» Seed size also decreased with position down the plant, 
but increased again for the basal collection. The smallest seed were 
produced on the central portion of the stem, next smallest was the lowest 
branch of the terminal inflorescence. 
The most important interaction was that between temperature and 
moisture, which were the main factors affecting growth» This suggested 
that seed size was related to the growth rate. However, a given size of 
seed would be expected to be produced from more actual growth under wet 
conditions than under dry conditions. Thus, if growth rate is to be the 
criterion used, the moisture available to the plant must be considered 
(Figure 9). 
For the interaction of daylength with temperature, the difference in 
seed weight between the 80°F and the 65°F treatments was less as seed 
size decreasedI at 50°F seed weight decreased with decreasing daylength» 
Finally, in the interaction of temperature and position, seed size 
decreased with the first three positions at all temperatures and the 
slope increased as the temperature increasedc At 50®F and 65®F seed size 
increased from the central stem to the basal position, while at 80®F seed 
size decreased with position for the entire plant» 
Seed yield Yield was first considered as the number of seeds 
produced# The analysis given in Table 24 does not include the three 
iac-tûr lnL»irà,ôllûiiâ uéûaUaê ûx the âmOuîit of Variation bstw'Gcn trcatzentc. 
Figure 9» Relationship of the growth rate of the terminal to the mean 
weight of seed produced hy smartweed plants grown under 
controlled conditions of temperature, moisture and dayiength. 
dhe regression equations are Y = 1.055 - o.IOIX and 
Y = 1,690 - 0,145% for the dry and the wet treatments^ 
respectively, Hie correlation coefficient squared (r®) Is 
0,83 for the dry and 0.72 for the wet treatment. 
GROWTH RATE CM/PLANT/DAY OF TERMINAL 
i 1 i i  i i i  i i  i i i  
o 
Figure 10.« Summary of the main factors influencing the number of seed 
produced by smaxtweed plants grown in a controlled environ­
ment. Means not connected by the same line are significantly 
different at the one percent level of probability. 
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I&ln factors accounted for 65 percent of the variation, 2-f actor interac­
tions 15 percent, and 3-factor interactions 6 percent. The remaining 14 
percent was unaccounted for. Only significance at the one percent level 
of probability is discussed. 
A summary of the main effects is shown in Figure 10. Temperature 
was the most important factor, accounting for 44 percent of the variation. 
Yield increased as the temperature at which the seed were produced 
increased. The production of an individual plant was 89 percent in the 
top three branches of the terminal inflorescence with 45 percent in the 
very top branch. Plants grown with ten hours of light produced 41 per­
cent more seed than those grown with six hours of light and 58 percent 
more than plants grown with fourteen hours of light. Watered plants 
nearly doubled seed production over that of plants grown under dry 
conditions. Temperature by moisture was the main interaction. 
Table 24. Summary of the analysis of seed yield of smartweed plants 
grown under controlled conditions of temperature, moisture 
and daylength. Significance is noted (*) only at the one 
percent level of probability. 
Source df ss p 
Temperature (t) 2 832087.60 157.15* 
Daylength (d) 2 73304.40 13.84* 
Position on the plant (P) 4 147240.76 13.90* 
Moisture (M) 1 173724.80 65.62* 
T X D 4 45661.80 4.31* 
T X M 2 69362.53 13.10* 
T X P 8 74407.34 3.51* 
D X P 8 23581.21 1.11 
D X M 2 120,40 0.02 
P X M 4 78503.42 7.41* 
Error 142 375920.74 
Total 179 1893924.70 
6k 
As temperature Increased the difference in yield between the wet and the 
dry treatments increased. In the interaction of temperature and day-
length seed yield increased at the low temperature as day length 
decreased, while at the higher temperatures plants grown with a ten hour 
daylength produced the greatest yield. !Ihe difference in yield between 
65® and 80®P increased as the daylength increased. In the relation of 
temperature to position yield decreased at both 50® and 65®F with 
decreasing position on the plant. At 80®P there were no significant 
differences between positions 2 and 3f although both were less than the 
yield of the top position. Also, yield increased from the central stem 
to the basal stem. Finally, in the interaction of position and moisture 
the difference in yield of wet over the dry treatment increased as 
position decreased in the terminal inflorescence but decreased as posi­
tion decreased on the stem. 
Increasing the temperature at which the plants were grown decreased 
the size of the seed produced, but increased the number of seed produced. 
Therefore, the total yield can only be evaluated by considering the seed 
mass J ire. , total weight of the seed produced. This is given in Tkble 
25. Although there was considerable difference in the seed size of 65® 
and 80®P treatments, the total seed mass produced was the same, indicating 
that there may be an upper limit of yield. Only one third as much was 
produced at 50®P, probably because of the short length of the study and 
the slow development of the seed along with a high rate of abortion. 
Development during the first ten days was the same at all temperatures, 
but the length of time before the seed would release from the plant varied 
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Table 25. Total weight (seed mass) in grams of seed produced on 
smartweed plants grown in a controlled environment. 
Daylength in hours 
6 10 14 Z 
Moisture condition 
Temperature wet dry wet dry wet dry 
50op 
65®P 
80op 
5.01 
12.50 
10.88 
0.66 
7.07 
5.99 
3.08 
17.51 
18.93 
3.00 
11.43 
9.69 
3.34 
9.80 
12.92 
0.52 
4.27 
7.44 
15.61 
62.58 
65.85 
Z 28.39 13.72 39.52 24.12 26.06 12.23 
EE 42.11 63.64 38.29 
greatly. Again, a ten hour day increased the plant seed yield by more 
than 50 percent over the other daylengths. There was little difference 
in the amount of production at the six and fourteen hours of light. Also, 
plants grown with high soil moisture yielded double the seed mass 
produced by those grown in dry conditions. 
Potential viability Because of the amount of seed needed for 
testing, the replicates were combined to give a single sample per treat­
ment. With the 50®P treatment all positions had to be combined to 
provide sufficient seed for testing. Bierefore, analysis was made without 
the 50®P treatment and then it was analyzed with the individual means. 
The analysis of variance is given in Table 26. 
At the one percent level of probability only temperature at which 
the seed were produced affected seed viability. Maximum viability was 
attained in seed produced from plants grown at 65°Pj a slight reduction 
was noted in seed produced at 80®P| and a considerable reduction at 50°P. 
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Table 26. Summary of the analysis of potential viability of smartweed 
seed from plants grown in a controlled environment. Signifi­
cance is noted (*) only at the one percent level of probability. 
Source df 88 p 
Temperature (t) 1 175.10 12.90* 
Daylength (D) 2 108.22 3.99 
Position on the plant (P) 4 15.51 0.29 
Moisture (m) 1 47.70 3.52 
T X D 2 27.86 1.03 
T X P 4 115.84 2.13 
T X M 1 4.54 0.33 
D X P 8 159.99 1.47 
D X M 2 33.06 1.22 
P X M 4 27.57 0.51 
Error 30 407.02 
Total 59 1122.41 
The reduction at 80°? was possibly due to immature seeds being collected 
with the mature seeds. At this temperature maturation was rapid, while 
at 50®F the reduction could be due to incomplete maturation or possibly 
the initiation of seed deterioration at maturity due to the cool humid 
environment. 
Duration of dormancy Here, also, 50®P data was not included in 
the analysis because seed samples were combined. %e mean of 50®F treat­
ments was examined Individually with the other means. The analysis is 
given in Table 27. Main factors accounted for 5^ percent of the varia­
tion and 2-factor interactions 2? percent, leaving 17 percent unexplained. 
Temperature accounted for 39 percent of the variation and all of the 
factors showing significance at the one percent level of probability 
accounted for 64 percent. 
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Table 27, Summary of the analysis of duration of dormancy in weeks of 
smartweed seed produced by plants grown in controlled environ­
ments. Significance is noted (*) only at the one percent 
level of proljability. 
Sources df ss f 
Temperature (T) 1 224.26 62.99* 
Daylength (d) 2 7.75 1.09 
Position on the plant (P) 4 69.41 4.87* 
Moisture (K) 1 8.06 2.26 
T X D 2 20.62 2.90 
T X P 4 73.98 5.19* 
T X M 1 1.68 0.47 
D X P 8 26.69 1.04 
D X M 2 4.27 0.60 
P X M 4 25.76 1.81 
Error 30 106.75 
Total 59 572.23 
Seed dormancy increased as the temperature at which the seeds were 
produced increased. Gonsidezeble variation occurred among positions on 
the plant. The greatest difference was between the T-1 and T-2 positions. 
The T-1 position produced seed with the greatest dormancy, while the T-2 
position had the least. Soil moisture effects were not significant. 
At 65®F the duration of dormancy decreased with decreasing position 
to the third position on the plant, then increased toward the base of the 
plant. At 80®F positions I, 4, and 5 possessed the same length of 
dormancy, but those of positions 2 and 3 were significantly less. The 
significant relationships with temperature indicated that dormancy might 
also be related to seed size. %is relationship is shown in Figure 11. 
The data indicate considerable variation (r®= -0.49). 
Based on previous findings, this also suggested a relationship 
I'igure 11 « Relationship of duration of dormancy of smartweed seed to seed size for seed produced in 
a controlled environment. The regression equation is Y = 15«70 - 0.671X and the square 
of the correlation coefficient is 0.49. Each plot represents the mean of each weight 
class with n = 66 total points. 
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"between seed dormancy and growth rate of the plant producing the seed. 
Again, moisture must he accounted for if actual growth measurements are 
to be used as the criteria. However, in this test there was a positive 
moisture "by growth interaction (Figure 12). Dormancy appeared as a 
curvilinear response to growth rate from plants under continuously high 
moisture and a linear response to plants under continuously dry condi­
tions. Bie accountable variation increased $0 percent over that in the 
relationship of dormancy with seed weight, another indication of the 
variability in seed weight and the difficulty of trying to predict seed 
dormancy from single factor variables. 
Since temperature alone accounted for only 39 percent of the varia­
tion in the observed duration of dormancy, while growth rate accounted 
for more than 70 percent, the actual influence would appear to be due to 
a complex of factors. 
Alternating temperature study 
Means of the critical measurements with the standard deviation are 
given in îfeble 28. Plant growth was greater with the fourteen hours of 
light thaui with ten hours at these alternating temperatures, but even 
more noticeable was the difference between height growth and lateral 
growth. Bie increase in plant height was only slightly greater at 
fourteen hours than that at ten hours of light, while the lateral growth 
was three times greater at fourteen hours of light. Lateral growth on 
plants grown with fourteen hours of light was nearly double their height 
growth, whereas at ten hours of light the lateral growth was slightly less 
J . ^  % # ,  —  M ji ^^  M  _  —  J .  liiau uie 119x^11 u grumwii* 
Figure 12, Relationship of the growth rate in cm/day/plant of the 
terminal to the duration of dormancy of smartweed seed 
produced in a controlled environment. The regressions are 
I = 0,496 - O.O35X + 0,006X® for seed produced from plants 
grown in continuously high moisture and Y = 0«2l6 + 0.032X 
for seed produced from plants grown under continuously dry 
conditions, ïhe r® is 0.73 and 0.75 for the wet and dry 
treatments respectively. 
CM/PLANT- / DAY OF TERMINAL RATE IN GROWTH 
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Table 28. Summary of data from smartweed plants grown in growth chambers 
with an alternating temperature of 65®-80®F and either 10 or 
14 hours of light. Means are presented with standard devia­
tions. 
Means with standard deviation 
Measurement 14 hours of light 10 hours of light 
Initial height in cm 69.0 ± 0,1 66.0 ±1.8 
Initial lateral growth in cm 25.6 ± 5«9 23.6 ± 2,4 
Final height in cm 118.8 ±1.4 108.8 ± 11.2 
Final lateral growth in cm 124,6 ± 29.7 59»2 ± 12.5 
Height growth during study 
in cm 49.8 ± 1.4 42.8 ± 3,2 
Lateral growth during study 
in cm 99.1 ± 23.9 35.6 ± 10.1 
Number of seeds per plant 329.9 ± 140,7 152,9 ± 34-.! 
Seed mass per plant in gm 1.28 ± 0.84 0.93 ± 0.24 
Time in days from induction 
to appearance of inflorescence I3 13 
Time in days from appearance of 
inflorescence to first flower 9 9 
Weight/1000 seed in gm 5»07 ± 0.35 6.o6 ± 0.25 
7.38 ± 0.38 
mean 5*36 ± 0.25 
Potential viability in percent 100 ± 0.0 87,5 ± 3*6 
94.5 ± 1.0 
mean 95 ± 0.0 
Duration of dormancy in weeks 9 ± 0.6 6±0.0 
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No Influence was noted by daylength on the interval between induc­
tion and the appearance of the inflorescence or between that and the 
appearance of the first flower. The effect of the alternating tempera­
ture on flowering was the influence of the mean temperature» i.e. , the 
13 and 9 days given in dkble 28 for the time to appearance of the inflo­
rescence and the flower respectively are equal to the mean of the same 
measurements at constant 65® and 80°F, Thus, in respect to the influence 
of temperature on flowering one might assume that the effect is a product 
of the temperature and its duration. 
With alternating temperatures seed size increased with later floral 
development. This was observed with seed collected from plants grown in 
fourteen hours of light. This is related, undoubtedly, to growth rate as 
the early seed were derived from fast growing plants when the study was 
initiated and the later seed were developed from plants with a reduced 
growth rate due to heavy flowering. Overall, seed produced on plants 
grown in ten hours of light was heavier. Biis might be expected, since 
these plants were growing more slowly. 
More than twice as many seeds per plant were produced on plants grown 
in fourteen hours of light as compared to plants grown in ten hours of 
light. In terms of seed mass per plant, the two treatments were closer 
together, although plants grown in fourteen hours of light produced the 
greater mass. Of particular interest was the finding that daylength was 
less important with alternating temperatures, compared with the results at 
constant temperatures» 
Smartweed showed considerable variation in seed size when related to 
the number of seeds produced, %6 relationship reflected some expression 
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of growing condition at constant temperatures. An alternating tempera­
ture of 65°-80®P produced a relationship very close to that of constant 
80®F. Combining all of the constant temperature data gave a strong neg­
ative correlation, "because of the influence of temperature. The amount 
of variation accounted for, however, was very small in each regression. 
This was most likely due to the variation within a sample on such a gross 
measurement* 
The total weight of seed produced gave a strong positive correlation 
with the number of seed produced. !Ihe slope was affected "by the tempera­
ture at which the seed matured. Again, an alternating temperature of 
65®-80®F provided a relationship similar to constant 80®F. 
The seed produced on plants grown in fourteen hours of light had a 
higher viability than that produced on plants grown in ten hours of light. 
Also, the early seed of plants grown in fourteen hours of light had a 
higher viability than the later seed. 
Dormancy appeared to increase with daylength under alternating tem­
peratures. This was related, probably, to growth rate as noted earlier 
Plants given fourteen hours of light grew faster than those receiving 
only tçn hours and thereby produced seed with a greater dormancy. The 
mean length of dormancy for the alternating temperature (7.5 weeks) was 
less than the dormancy at constant 65®P (9 weeks) or constant 80®F 
(13 weeks). The data does not suggest any logical reason for this. 
76 
Greenhouse Studies 
The results of an experiment with fertilizer, initial seed size, and 
soil type are presented for influences on the plant, seed weight, seed 
yield, potential viability, and duration of dormancy. Of general inter­
est, the percent of tagged flowers aborting in the greenhouse studies 
was about the same as that noted in the growth chamber experiments; i.e. , 
50 percent. 
Fertilization 
The inflorescence appe^ed at the time of the second fertilizer 
application, and the first flower opened prior to the third application. 
Plant growth data is given in Tkble 29 and 30. 
Table 29. Summary of plant data from smartweed plants grown in the 
greenhouse with different levels of fertilizer application. 
Measurement A 
Level of fertilizer in pounds per acre 
0 681 1368 
Plant replicate 
B A B A B 
Initial height in cm 39.5 45.0 33.5 40.0 35.0 45.5 
Final height in cm 84.0 91.0 75.0 79.0 78.0 89.0 
Growth during study 
in cm/plant/day 1.309 1.353 1,221 1.184 1.265 1.278 
Initial lateral length 
in cm 21 48 24 24 28 17 
Final lateral length 
in cm 112 190 278 324 317 406 
Later growth during 
study in cm/plant/day 2.676 4.177 7.471 8.824 8.500 11.441 
77 
Table 30, Measurements of smartweed planta grown In the greenhouse with 
different fertilization levels. 
Level of fertilization in pounds per acre 
Measurements 
0 
a b 
681 
Plant replicates 
a b a 
J 
b 
Initial number of nodes 13 14 11 12 12 12 
Final number of nodes 20 21 17 20 18 19 
Increase in number of nodes 7 7 6 8 6 7 
Initial number of laterals 5 6 5 5 5 4 
Final number of laterals 18 17 17 20 18 19 
Increase in the number of 
laterals 13 11 12 15 13 15 
Total length of laterals In 
cm 0 0 10 20 45 40 
Number of flowering branches 
at close of study 21 22 69 77 102 101 
Plants receiving no fertilizer were pale and with few leaves, which 
"began to drop when the lateral buds appeared* The low fertilizer treat­
ment had a dark green color with many side branches. Plants in the high 
fertilizer treatment were dark green with deep foliage. All laterals had 
two or three side branches. In general» these plants were pyramidal in 
shape with long sturdy basal branches. 
Although seed were collected by nodes, samples were combined to 
provide sufficient seed for the necessary tests. The final samples 
represented six positions on the plant similar to that shown in Figure 1 
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on page 22 except one more position was added. This was the separation 
of the fourth "branch from the top from the middle lateral collection. 
The six positions were; T-1, T-2, T-3, T-4, Bl-6, and B7-T5. The 
analysis of seed weight is given in Table 31. Analysis was also made on 
all 18 positions of the fertilizer treated plants and no differences were 
found between positions* 
Table 31. Summary of the analysis of seed weight of smartweed seed 
produced by plants grown with different fertilization levels. 
Source df 88 F 
Fertilizer level 2 9.5863 11.07* 
Position on the plant 5 8.6958 4.02 
Interaction 10 1.6554 0i04 
Error 18 7.7950 
Total 35 27.7325 
Seed weight increased in response to the rate of fertilization. 
These treatments accounted for less than 40 percent of the variation 
observed and, therefore, might be considered of little influence when 
compared to the Influence that temperature has. 
Uie number of seed produced was highly correlated to both fertiliza­
tion and position on the plant (Table 32), Treatments accounted for 
99 percent of the observed variation. Position was responsible for more 
of the variation than was fertilization in this analysis, because of the 
lumping of values for positions on the plant. Seed yield increased with 
level of fertilization in the ratio of 1.0:2.4;3*8 for the 0, 681, and 
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Table 32, Summary of the analysis of seed yield on smartweed seed 
produced by plants grown in the greenhouse with different 
fertilization levels. Significance is shown (*) at the one 
percent level of probability. 
Source df ss P 
Fertilizer level 2 946290.06 104.22* 
Position on the Plant 5 4853583.89 213.82* 
Interaction 10 1774663.61 39.09* 
Error 18 81716.00 
Total 35 7656253.56 
1368 pounds per acre of fertilizer, respectively. Laterals on the central 
and basal stem (positions 5 & 6) produced significantly more seed than 
terminal positions simply due to the fact that more laterals were 
involved. Actually, on an individual lateral basis the highest yield was 
on the basal laterals because of the extensive branching of the fertilized 
plants. %e lowest yields were found in branches 2, 3r and. 4 from the 
top with yield increasing in that order. 
The mass of seed produced was positively correlated to the number 
of seed (Figure I3). Low fertilization had little effect on this 
relationship, but high fertilization significantly reduced the slope of 
the regression line. With high fertilization more seeds were produced 
for a given seed mass; i.e. , the seeds were smaller. 
Samples were combined for the required viability and dormancy tests 
to provide sufficient numbers of seed. Analysis was made on only four 
positions} T-1&2, T-3&4f Bl-6, and B7-T5. Due to the small sampling, the 
variation within each treatment was greater than the variation between 
Figure 13« TSie relationship of the number of seed produced to the 
total seed weight of smartweed seed produced on plants 
grown in the greenhouse with different levels of fertili­
zation, Hie levels are: (a) no fertilizer, (b) 681 pounds 
per acre, and (fl) I368 pounds per acre. IRie r^ was 0.95, 
0,94, and 0,06 for A, B, and C respectively. 
SEED MASS IN GRAMS 
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treatments. Therefore, significance was not noted, even though there was 
a considerable difference "between the control and the fertilizer levels. 
Orthogonal comparisons showed that the fertilizer treatment means were 
significantly larger than the zero control, but there was no difference 
between fertilizer levels. The explanation for an increased viability due 
to fertilization is not completely clear, but may very likely be related 
to availability of minerals and plant nutrition. Hammerton (1967b) 
found an increase in the viability of Pblygonum seed grown on plants 
receiving nitrogen applications. 
In the analysis of duration of dormancy the variation within each 
treatment was again greater than the variation between treatments and 
apparent differences did not prove to be significant. Orthogonal 
comparisons showed that the means of the fertilizer treatments were 
significantly different than the zero control, Thus, fertilization did 
increase the length of dormancy. This is possibly an indirect relation­
ship of growth rate, as fertilization increased plant growth. 
Initial seed size and seed type 
The data is presented in Table 33 and the analysis of the duration 
of dormancy in "feble 3^. 
All plants grew at approximately the same rate. %e total number of 
seeds produced and the total weight of these seeds were significantly less 
from plants produced by large seed, but the average 1000 seed weight was 
not different. There were differences in potential viability, but the 
variation within treatments was greater than the variation between 
trsatiiisnto and therëfûfe, iliese differences were not significant. 
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Table 33. Summary of seed data taken from smartweed seeds grown on 
plants derived from sized seed. Seed sizes Increase from 
size 1 to 4. Size 5 was composed of polymorphic seed. 
The mean of three plants is given with the standard devia­
tion where appropriate. 
Initial Seed size 
M e a s u r e m e n t  1 2  3 ^ 5  
Weight of 1000 seeds 
in gm of initial seed 5.10 7.57 9.60 13.43 10.87 
Number of seeds produced 
per plant 441*156 319*100 322dfe22 244±38 390*83 
Average 1000 seed weight 
in gm of seed produced 5.5^0.20 5.49*0.08 5.86*0.40 5.44*0.04 5.38*0.36 
Seed mass produced per 
plant in gm 2.43 1.79 2.83 1.99 1.91 
Percent viability of 
seeds produced 75.7*11.7 87.0*11.5 75.3*13.5 67.3*7.5 84.0*17.7 
Duration of dormancy 
in weeks 9.7*1.2 .13.0*1.7 10.0*3.0 20.3fc4.5 18.0*3.6 
Growth rate of plant 
terminal in cm/plant/day I.I3 1.13 1.33 1,06 
Table 34. Summary of analysis and range test on the duration of dormancy 
of smartweed seeds produced by plants derived from sized seed. 
Significance is shown (*) at the one percent level of 
probability. 
Source 
Treatment 4 275.07 7.37* 
Error 
Total 
Range test: Initial seed size 
4 5 2 3 1  
Dormancy in wks. 20.3 18.0 11.0 10,0 9.7 
df ss 
10 43.33 
14 368.40 
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Duration of dormancy was longer In seed produced from plants derived 
from large seed than those from small seed. The Influence on dormancy 
may only be Indirectly affected by the Initial seed size. Ihls is con­
cluded in this study because the seed produced here show the same rela­
tionship of dormancy to seed size as was found in the constant temperature 
growth chamber study| i.e. , an Increase in seed dormancy with a decrease 
in seed size. Thus one might conclude that plants derived from large 
seed produce small seed and vice versa. In this study this was observed 
and may be explained by the faster initial growth derived from larger 
seed. From this, one may conceive that the plant growth rate influences 
the size of the seeds produced and also the duration of the dormancy of 
those seed. 
Soil type 
Although dormancy between treatments was not significant, the 
duration of dormancy was related to growth rate of the terminal. The 
slower the growth rate, the less the dormancy. It is obvious that the 
duration of dormancy is not related directly to soil type, but to the 
influence that soil type might have on growth rate of a plant. Soils 
which were more sandy produced less growth due to lower available 
moisture and possibly a lower initial fertilizer level. Total seed 
production (Table 35) was also related to total growth of the plant. 
Although differences existed in seed weight, the influence of soil type 
was not significant. 
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Table 35. Summary of plant and seed data collected from smartweed plants 
grown In various soil mixtures In the greenhouse. The soil 
mixtures used were: (l) loam, (2) half peat and half loam, 
(3) half loam and half sand, (4) half peat and half sand, and 
(5) sand. Means of three plants per treatment are given with 
standard deviation where appropriate» 
Soil mixture 
Measurements 12 3^5 
Growth of terminal in 
cm/plant/day l.CA- O.9I 0.8? 0.4? 0.4? 
Total length of laterals 
per plant in cm 84 78 49 13 1 
Number of seed produced 578448 5396148 339^41 168±112 73±40 
Seed mass per plant in gm 9.36 8.52 5«09 2,07 1.11 
Average 1000 seed weight 
in gm 5.3960.13 5.2710.02 5.08db0.88 5.2560.26 4.9960.32 
Percent viability of 
seed produced 89.7613.1 77.7615.0 72.0618.5 70.0il8.7 78.3615.0 
Duration of dormancy 
In weeks I4fc7.5 1465.5 1163.0 11±1.7 1060.0 
Field Study 
A wet summer with July, August, and September rainfalls of 4.76, 
6.91, and 6,95 Inches, respectively, was responsible for no measurable 
differences in the soil moisture between the wet and the dry treatments. 
By mid-August smut was noted in most plots, but it was especially heavy 
in the fifth planting. No complete evaluation was made, but the smut was 
identified as Ustllago utrlculosa. On September ninth a storm with high 
winds flattened all of the plants and no further growth was noted. 
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Tne first and second plantings were accidentally induced to flower 
while in the greenhouse, so they flowered earlier than naturally grown 
plants.. The laterals "below this early inflorescence took over the growth 
after flowering and equaled that of the other plantingso 
A summary of the initial plant measurements is given in "Table 36. 
At two weeks after transplanting observed differences were due entirely 
to planting date; at four weeks differences were due to planting date and 
density, and by six weeks the influences of interactions were evident. 
There were basically two types of plant growth in the field, as opposed 
to only one type observed in the growth chambers. Plants grown in close 
spacings maintained a single central stem which branched, while those in 
wide spacings had no central stem. Early in growth these plants began to 
spread. The central stem became prostrate and only the terminal turned 
upward. The basal laterals then grew as central stems and with the 
central upright terminal formed a circle of stems one foot or more 
across. These branched heavily and the basal secondary stems also 
became central stems, unless crowding occurred. The middle spacing 
treatment produced plants with characteristics intermediate between those 
of the first two types. They had a few upright stems produced by lower 
laterals, but most of the branching was above the center of the stem. 
At two weeks after transplanting plants of the second and fourth 
planting dates were taller than other plantings. Plants of the second 
planting date were twice as tall as the others. This can be related to 
the available moisture (Figure 14). The second planting was planted in 
very wet soil and thus suffered no transplanting shock. The number of 
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Table 36• Summary of smartweed plant measurements for the first six weeks 
after transplanting of four week old greenhouse plemts to the 
field, TSie planting dates were: (l)April 30, (2) May 14, (3) 
May 28, (4) June 10, (5) June 25, and (6) July 9r while the 
spacings werei (l) 6 x 6 inch, (2) 12 x 12 inch, and (3) 
18 X 18 inch. 
Planting date 
1 2 3 
Plant spacing 
Measurements 1 2 3 1 2 3 1 2 3 
Survival at two weeks in percent 100 100 100 100 100 100 100 100 100 
Two weeks after transplanting! 
Plant height in cm 7 8 8 19 14 16 8 8 7 
Number of nodes 4 4 4 8 7 7 6 5 5 
Percent of plants flowering 95 100 95 100 40 80 58 25 25 
Pour weeks after transplanting1 
26 18 Plant height in cm 23 16 18 24 22 21 20 
Number of laterals 6 5 5 6 5 4 6 4 5 
Number of flowering branches 6 5 7 2 2 1 .0 0 1 
Six weeks after transplanting! 
43 Plant height in cm 28 26 25 41 28 25 30 27 
Plant width in cm 36 46 57 46 38 53 47 48 55 
Number of laterals 4 6 8 8 8 8 8 9 10 
Number of branches flowering 6 11 12 6 7 7 2 2 3 
Planting date 
4 5 6 
60 Survival at two weeks in percent 100 100 100 97 98 75 54 77 
Two weeks after transplanting : 
8 Plant height in cm 10 10 10 7 8 7 6 6 
Number of nodes 7 7 7 6 7 6 5 6 5 
Percent of plants flowering 0 0 0 0 0 0 0 0 0 
Pour weeks after transplanting: 
26 Plant height in cm 20 22 21 18 18 11 29 20 
Number of laterals 5 6 6 7 10 8 6 7 6 
Number of flowering branches 0 0 0 0 0 0 0 0 0 
Six weeks after transplanting! 
63 47 Plant height in cm 46 51 48 62 71 48 58 
Plant width in cm 46 81 75 40 82 79 68 78 80 
Number of laterals 9 15 12 10 15 15 10 12 11 
Number of branches flowering 2 5 5 4 12 14 11 12 13 
F.'Lgure 14. Rainfall pattern during the field study. Relationship with different plantings is 
shown, along with measurement intervals of two, four, and six weeks after trans­
planting of seedlings of smartweed to the field. 
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nodes produced by this time, on all plants, was related to the growth 
rate with the exception of the first planting which had only two thirds 
as many as either second, fourth, or the fifth. This was probably due to 
dry conditions during tiransplanting, which was overcome by the first 
rainfall. 
At four weeks the overall height was reduced as the spacing increased. 
This was mainly due to the type of growth explained earlier. In relation 
to the planting date, plants of the sixth planting were the tallest, 
%is again was probably due to the fact that they were planted at a dry 
period and overcame the shock by the first rainfall so that they elon­
gated when the heavy rain came in the third weeks On the other hand, the 
fifth planting was the shortest at this time. This was probably due to 
the fact that this planting received no rain for three weeks. Although 
it probably responded to the rain in the fourth week, it would have been 
after this data was collected. Also, at this time tiransplemtings one 
and two were flowering because they had been induced in the greenhouse, 
and the third planting had just started to produce an inflorescence. The 
number of flowering branches decreased with later planting dates. Plants 
set out after the third planting date did not produce visible floral 
buds in four weeks. 
Considerable variation between treatments was noted six weeks after 
transplanting. At this time the differences in plant height? due to 
density, were not significantly different, but those due to planting date 
were. Height increased with later planting. This appeared to be related 
to the rainfall pattern. The sixth week for the first four plantings was 
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on the dry side, while considerable rain fell during the sixth week of 
the fifth and sixth transplantings. 
The width of the plant (mean distance from the outside lateral to 
the opposing outside lateral) decreased as plant spacing decreased# Hie 
number of laterals produced by the sixth week were not different at 
the medium and low density, but were reduced nearly by half at the close 
spacing. This indicates that competition at close spacing influenced 
lateral growth at six weeks after planting. This was not noted at four 
weeks. By the sixth week all plants were producing flowers and the 
number of flowering branches was influenced by both density and date of 
planting, %e number of flowers increased as spacing increased, decreased 
from first to third planting,, and then increased again. Had the first 
three plantings not been induced to flower in the greenhouse the number 
of flowering branches would probably have increased with later planting 
for the whole study, 
A summary of the final plant data is given in Table 37» In col­
lecting the plant data all upright stems acting as central stems were 
considered as primary branches, regardless of origin. All branches 
growing from these were secondary and those growing from the secondary 
were counted as tertiary. In the final growth of plants all treatments 
produced essentially the same height and the same percentages of total 
growth in each degree of branching, but with considerable differences in 
total growth. Plants averaged 142 cm in height with 17, 46, and 37 
percent of the total growth in primary, secondary, and tertiary branching, 
respectively. All major differences in total plant growth were due to 
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planting density. Total growth in centimeters of material produced 
increased as spacing increased. 
Table 37» Summary of final plant height and total centimeters of plant 
material measured on smartweed plants grown in the field at 
three spacings (6x6 inch, 12 x 12 inch, and 18 x 18 inch). 
Plants were transplanted to the field every two weeks from 
April 30 to July 9» 
Planting dates 
Density April 30 May 14 May 28 June 10 June 25 July 9 
Average plant height in cm 
Close I30 163 141 144 138 103 
Medium i39 139 163 148 127 111 
Open 135 127 144 181 127 90 
Total plant material in cm 
Close 879 1192 632 1133 1081 1186 
Medium 4036 2360 38oo 3095 2423 2653 
Open 486? 6291 7581 4352 8366 3293 
Seed weight 
Seed weight increased with later collections. Also, the seed pro­
duced from flowers of plants induced to flower in the greenhouse were 
smaller. Further analysis produced no additional differences at the one 
percent level of probability, A summary of all of the analyses showed 
that the main effects accounted for 43 percent of the variation. Of the 
main variables collection accounted for most of the variation with 26 
percent, then planting with 15 percent. Density and moisture accounted 
for only one percent each of the observable variation. 
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Seed yield 
Yields were determined from pressed material and reflect only poten­
tial yield (Table 38), The number of flowering branches per plant did not 
differ between planting dates, but increased with increased spacing. The 
number of pedicels per cymule varied with planting date, but indicated 
that a minimum of six crops of seeds had been produced* Not counting 
the collection from plants which had been induced to flower in the green­
house, only three collections were made in this studjr. This is only half 
of the possible collections that could have been made. Actually, this 
was to be expected, as no collections were made less than twenty days 
apart to insure differences in collections. Ihis also indicates that 
there was an overlapping of the series of flowers as one would expect in 
an indeterminate plant. The number of cymules per centimeter varied 
little between treatments. The product of these two measurements provides 
the number of flowers which might have been produced per centimeter- of 
flowering branch. This varied with planting date, reaching the peak on 
the third planting date, and decreasing thereafter. The last planting 
produced the least, during the cooler weather, as floral growth was not 
as active» Total flower production is given in Table 39* Floral 
production increased with decreasing density. Within each density 
production reached a maximum and then decreased. 
All available mature seed were collected on one replication of the 
second seed collection before a fall storm flattened the plants. Further 
attempts at total collection were abandoned. Table 40 gives the number of 
seed collected and the percent of that predicted, which is based on one 
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dkble 38. Measurement of potential flowering of smartweed plants from 
pressed material collected from field study. 
Measurements May 14 
Planting 
May 20 
Dates 
June 10 June 25 July 9 
Average number of 
pedicels/cysmle 6.3 8.0 6.7 6.0 5.6 
Average number of 
cymules/cm of 
flowering branch 
7.7 7.0 8.3 7.7 7.0 
Total number of 
flowers/cm 48.5 56.0 55.6 46.2 39.2 
Table 39• Summary of flower production of smartweed plants. Estimations 
made from pressed material collected from a field study. 
Planting Date 
Density April 30 May 14 Ifey 20 June 10 June 25 July 9 
Number of flowering branches/plant 
Close 190 84 73 195 120 163 
Medium 489 189 522 484 374 46? 
Open 567 709 924 504 1232 547 
Estimated number of flowers/plant in thousands 
Close —T 7.2 8,3 19.6 11.9 13.5 
Medium — 14.8 44.7 60.4 24.0 3i.5 
Open — 70.5 126.7 64.8 100.7 49.6 
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Table 40. Number of seed collected in one replication and one collec­
tion date from smartweed plants in a field study of three 
plant spacings (6x6 inch, 12 x 12 inch, aM 18 x 18 inch) 
and six planting dates (two week intervals from April 30), 
Figures in parentheses gives the percent of that which 
would he predicted from previous findings. 
Planting date 
Density April 30 May' 14 May 20 June 10 June 25 July 9 
High 900 884 648 1658 922 
— — —  (82) (60) (56) (45) — — —  
Medium 953 1128 1169 2983 3064 428 
(46) (21) (33) (78) (7) 
Low 2479 1306 2685 3950 3147 216 
(11) (17) (41) (18) (2) 
Mean — —  (46) (33) (43) (47) — — —  
Mean of density omitting first and last planting1 
High = (61) Medium = (44) Low = (22) 
pedicel per cyniule. Survival of flowers decreased as spacing increased, 
"but was influenced "by planting date. Overall flower survival was not 
different from that found in growth chamber or greenhouse studies0 
Potential viability 
In the general analysis significant differences were found at 
the one percent level of probability only with collection date. The first 
collection had the highest viability, second and fourth next, and the 
third collection the lowest. There were ten percentage points between the 
highest and the lowest means. The main factors accounted for only I3 
percent of the observable variationo No definite relationship could be 
found with potential viability and the smut infestation. 
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Duration of dormancy 
The overall analysis showed that, at the one percent level of 
probabilityy only collection date was significant. Further analysis of 
the partial data offered no more Information, Dormancy Increased with 
later collections; an Indication of possible environmental influence 
during seed development and maturation, dhe main factors accounted for 
only 20 percent of the variation observed» 
The weather data was taken with the intention of correlating it to 
significant differences in dormancy. As it turned out the only differ­
ences were due to collection date and unfortunately there were only four 
collections. This meant that a correlation coefficient had to be 0.959 
and 0,878 or better to be significant at the one and five percent levels 
of probability, respectively. This would be an r® of 0.920 or O,??!, 
Since a significant nonsense correlation is quite likely with only four 
points, only correlations significant at the one percent level were 
considered. Although one should realize that this does not eliminate 
the possibility of a nonsense correlation, it does reduce the number of 
correlations evaluated. 
Sixteen weather measurements or combinations of measurements were 
determined* They were either averages or totals of the specific measure­
ment for ten day periods, the length of time of the maximum visual seed 
development. Four ten day periods were used beginning ten days prior to 
anthesis. These were then grouped into two twenty day periods and the 
last three into a thirty day period. This provided a total of 112 
correlations to be made with o"h«eryed eeed donssLney sit a given colleoticn 
97 
date. The main correlatlone are given in Table 41, All but two, heat 
units and rainfall, of the weather factors are self explanatoryo 
Heat units are the result of integrating a daily temperature curve 
above some base temperature (Arnold, I960). It is usually estimated by 
the following formula. 
T + T 
max. min. _ _ 
2 ~ ^ase 
Although this measurement has been critized by Wang (i960), it was 
believed to be of value in this study because the chamber study indicated 
a relationship between growth rate and the prevailing temperature. The 
base chosen was 50*F because plants did not flower at this temperature 
in the chamber study. 
Rainfall was measured with the assumption that 0.2$ inch per day 
was normal. This was derived from doubling the mean daily rainfall 
given by the Department of Commerce for the summer months in the central 
Iowa area (U.S. Weather Bureau, 1967). Days without this rainfall were 
numbered consecutively and totaled for the period in question. This 
system was believed to magnify differences. 
Five correlations were significanti (l) average range in humidity 
for the second ten day period, (2) average humidity for the second ten 
day period, (]) average humidity for the fourth ten day period, (4) 
average number of heat units for the first twenty day period, and (5) 
average range in temperature for the second twenty day period. These are 
discussed below and depicted in Figure 15* 
Average range in humidity appeared to be inpcrtsnt during the first 
Table 41. Correlation coefficients from correlation of weather measurements with observed seed 
dormancy at given collections. Weather data was averaged or totaled for ten day 
periods. Significance is indicated (*) for the one percent level of probability. 
Period over which weather data was grouped 
beginning ten days before anthesis 
W gather measurement First 
Ten day 
Second 
periods 
Thizd Fourth 
Twenty day periods 
First Second 
Thirty day 
period 
Average 
Average 
Average 
Average 
minimum temperature 
mean temperature 
maximum temperature 
temperature range 
-0.201 
-0.387 
-0.493 
-0.266 
-0.324 
-0.129 
-0.024 
0.099 
-0.790 
-0.383 
-0.063 
0,521 
-0.433 
-0.410 
-0.367 
0.333 
-0.245 
—0.308 
-0.315 
-0.214 
-O.58i 
-0.429 
-0.247 
0,949* 
-0.530 
-0.379 
-0.204 
0.870 
Average heat units 
-0.387 -0.129 -0.319 -0.342 -0.968* -0.716 -0.714 
Average 
Average 
relative humidity 
relative humidity range 
0.438 
-0.534 
0.949* 
-0.986* 
0.003 
0.065 
0.920* 
-0.504 
0.599 
-0.699 
0.297 
-0.003 
0.687 
-0.358 
R-iinfal] -0.121 -0.236 0.442 -0.602 -0.146 0.026 -0.122 
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ten days of seed development. Dormancy increased as the humidity 
"became more constant. During this period of seed development humidity is 
very likely to be important, but it is difficult to understand how this 
would affect dormancy from present knowledge of seed dormancy in 
smartweed. If such a relationship were real it might be an indirect 
effect on plant growth rate through water stress. 
Dormancy increased with an increase in the average humidity of both 
the second and the last ten day period. The first period encompassed 
the period of maximum seed development and therefore may be related to 
the previous findings of the average range of humidity, but the last 
period was that of the final drying of the seed prior to release from 
the parent plant, dhus, these findings would seem to conflict with the 
idea that dormancy increases with drying of the seed. 
Dormancy increased as the average number of heat units decreased. 
In essence this says that dormancy was increased by lower temperatures. 
This is also indicated in the table by the fact that correlation increased 
as the average temperature considered decreased. This is contrary to the 
chamber study which showed that dormancy increased with increasing 
temperature or growth rate. However, the difference may be due to the 
fact that field temperatures were in a narrower range than those in the 
growth chambers, In a narrow range other factors may become much more 
important. 
Dormancy increased as the difference between the minimum and maximum 
temperature increased, Hiis is difficult to explain because the negative 
correlation of both maximum and minimum temperatures again raises the 
Figure 15. Correlation and regression of weather measurements with the 
duration of dormancy in weeks of various field collections 
of smartweed seed. These relationships are: (a) average heat 
units for the period of ten days prior to anthesis to ten days 
following anthesis (r®= -0.968)1 (B) average range in 
humidity for the period of the first ten days following 
anthesis (r^= -0.986)j (c) average percent of the relative 
humidity for the periods of the first ten days following 
anthesis (o) and the third ten days following anthesis (x) -
(r®= 0.949 and 0.920, respectively); (d) average range in 
temperature during the period of IO-3O days after anthesis 
(r®= 0.949). 
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problem of heat units. 
Laboratory Studies 
Discussions are presented for measurement of fruit parts and 
imbibition of dormant and nondorraant seeds. 
Measurement of fruit parts 
A summary of fruit measurement data is given in Table 42, The 
large fruits were twice the 1000 seed weight of the small fruits, although 
the pericarp was not quite double in weight. The thickness of the peri­
carp was essentially the same for both sizes, with some variation due to 
daylength. While the endosperm and fruit size doubled, the embryo 
increased four times, thus making the embryo-endosperm ratio for small 
fruits nearly twice that of the large fruits (Table 43). !Ihis data 
would suggest a strong relationship between embryo size and the duration 
of dormancy. In relation to the total weight, the large fruits had a 
greater percentage in endosperm and a lesser percentage in pericarp 
than small fruits, but twice the percentage of embryo of the smaller 
fruits. %is provides a greater pericarp volume to embryo mass for small 
fruits, which might suggest that less pressure would be required by the 
larger fruit to open the pericarp than the small fruit. However, this 
would not seem to be very important, as Salisbury (1942) indicated that 
only some of the very thick shelled South American nuts have ever been 
shown to be influenced by embryo pressure. Therefore a more likely 
explanation might be a difference in the use and demand of the food 
reserves or the amount of a possible germination promoter. 
ÏJable 42. Summary of physical measurements made on the fruit parts of smartweed fruits produced 
from plants grown in controlled environments. Values are the means of three replications 
of ten seeds each. 
Temperature at which plants were grown 
650P 80°? 
Daylength at which plants were grown 
Fruit measurements 6 hr. to hr. 14 hr. mean 6 hr. 10 hr. 14 hr. mean 
Embryo weight (mg x 10-®) 9.7 9.5 8.9 9.2 40.6 35.8 40.0 38.8 
Endosperm weight (mg x 10-1) 17.50 15.83 19.72 18.19 43.46 42.71 43.05 43.07 
Embryo/endosperm ratio 18.51 17.70 19.79 19.51 10.73 11.93 10.78 11.15 
Pericarp evaluation: 
3.60 Length in mm 2.91 2,92 2.87 2.89 3.47 3.75 3.58 
Width in mm 2.95 2.84 3.00 2.95 4.07 3.93 3.90 3.97 
Height in mm 0.43 0.36 0.40 0.40 0.47 0.48 0.49 0.48 
Thickness in mm 0.11 0.12 0.14 0.13 0.11 0.14 0.13 0.13 
Area in mm® 8.74 8.71 9.15 8.94 16.70 16.42 16.79 16.64 
Volume in ram® 0.94 1.02 1.29 1.14 1.78 2.30 2.20 2.09 
Weight (mg X 10-%) 21.10 21.31 29.59 25.40 46.03 49.97 48.85 48.28 
Wsight of 1000 seed in gm — 4 . 4 5 ~ ~  — -——9*52-— — 
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Table 43, Percent of the total in each part of the fruit for the 
amartweed seed of Table 42, Also, the embryo to seed coat mass 
is given. 
Seed parts as percent of total + / 
1000 seed weight embryo endosperm pericarp pericarp vol 
in gm * 
4.45 2.07 40,8? 57.06 i2336 
9.52 4.07 45.23 50.70 5389 
Imbibition of dormant and nondormant seed 
There were no significant differences in the uptake of water between 
chilled and nonchilled seed (Figure 16), yet there was a difference in the 
response to germination conditions. Thus, with a given size of seed 
prechilling appeared to cause no change in imbibition characteristics. 
Seed imbibed more water at 25*0 than at 4°C (Figue i7), but the rate 
of imbibition was approximately the same at both temperatures. Biis 
indicated that the osmotic pressure was changed possibly due to a change 
in the solute concentration as suggested by Stone (1957)• However, as 
temperature usually changes the rate of imbibition it is possible that 
there was a force affecting imbibition which was too small to be noticed 
in the first study or that the main influence on the rate of the uptake 
of water occurred prior to initial measurements» 
Both total imbibition and the rate of imbibition increased as the 
seed size decreased (Figure 18), which is the opposite of that found in 
soybean (Burris et al. , 1971), (Die greater difference between the two 
smaller sizes and the other sizes is partly due to a lower percent of 
full seed, but the full seed percent cannot account for all of the 
figure 16. Water uptake "by chilled and nonchllled smartweed seed of the same lots. The lines on 
the graph representi (a) chilled and redrled seed of lot 1 ; (b) nonchllled seed of lot 
2J (c) chilled and redrled seed of lot 2; and (D) nonchllled seed of lot 1. 
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l?igure 17» Uptake of moisture "by smartweed seed as affected "by temperature. The lines represent : 
(a) chilled and redried seed of lot 1 soaked at 25®C| (B) nonchllled seed of lot 2 
soaked at 25®Ci (C) chilled and redried seed of lot 1 soaked at 4®Gj and (d) non­
chllled seed of lot 2 soaked at 4*0. 
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Figure 18, Moisture uptake by various sizes of smartweed seed. The size, 
based on 1000 seed weight and the percent of full seed is: 
(a) 5.92 grains and 68 percent; (B) 7.28 grains and 80 percent ; 
(C; 8.21 grains and 99 percent; (D) 9»17 grams and 100 percent; 
and (E) 9«53 grams and 100 percent. 
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differences, as the three larger sizes all possessed full seed. This 
might be explained on the basis that small seed may contain material 
which is more hydrophilic than the larger seed. With the large seed 
maximum water uptake was reached in four days, but not approached with 
small seed. 
No substantial physical change in the smartweed fruit due to the 
environment was noted which might assist in explaining dormancy. Thus, 
one might consider that an environmental influence on dormancy really 
doesn't exist; or that, it is at least not physical in nature. However, 
this study suggests there is a relationship between the environment and 
dormancy. "Rie average rate at which each terminal (main or lateral) 
was growing appeared to be related to the duration of dormancy. Therefore, 
one might assume that dormancy is related in some way to the food or 
other chemical constituents moving from the parent plant into the 
developing fruit» Prom this, one might infer, then, that dormancy may be 
due to a chemical accumulated in the fruit, such as an inhibitor. 
Very little could be found on the nature of the dormancy in 
smartweed fruits prior to this study, but since then several articles 
have been found which may aid in understanding the results of this study. 
A summary of what is presently known about smartweed dormancy will be 
presented as a portion of this discussion. 
Bush (1964) and Allessio (1966) showed that the pericarp was not 
impermeable to water, and Sells (I965) showed that it was not impermeable 
to oxygen. However, Bush (1964) found that cutting around the edge of 
the pericarp was not sufficient to promote germination, but complete 
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removal did increase germination. Bush further showed that germination 
was inhibited by a leachate, from the whole fruit, which he believed. 
came from the pericarp» 
Biswas et al. , (l970) found that about 30 percent of the excised 
embryos of smartweed would not germinate, but did elongate when placed on 
White's medium. He concluded that this indicated an inadequate nutrient 
supply. He showed that there was a higher level of protein distributed 
in the seed coat and endosperm tissue than in embryo tissue of dormant 
seeds. He suggested from this that dormancy may be due in part to this 
lower protein content of embryos. He also showed a higher degree of 
lignification and greater cellulose content in the endosperm tissue and 
a lower sterol content in embryos. However, he did not evaluate differ­
ent sizes of smartweed fruits and was apparently not aware of the work of 
Tieng. 
Tieng (1962) found that germination of smartweed was promoted by 
compounds with sulfhydrile groups such as thiourea, but this treatment 
was ineffective while the fruit was coated. She suggested that these 
compounds might protect some enzyme which loses the SH by reacting with 
an inhibitor. However, she also noted that SH compounds were effective 
on acid ascorbic oxidase, coumarin, and degradation of UNA. She found 
gibberellic acid had no effect on germination. LaCroix (196I) also 
reported this lack of response» Tieng concluded that the lack of 
response to gibberellic acid alone or when combined with sucrose suggested 
that dormancy was not caused by the lack of carbohydrates or by the 
absence of utilisation of sugars, but ra.thcr by zczs snzyzs nhlch has a 
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relationship with the SH compound. She found that 2 ml of ether extract 
inhibited the germination of prechilled. seed and only 1 ml inhibited the 
straight growth of Avena coleptile, 
Ikper chromatography trials of an ether extract and an isopropanol-
ammonia-water solvent indicated that inhibitory substances existed with 
Rf values of 0,0-0.1, 0.2-0.3, 0.4-0,5» and 0.6-0,7, These were actually 
found to fall into two major groups and were similar for extracts of 
ragweed. In ragweed an Rf of 0.0-0.3 came from the seed coat and 0.5-0.9 
from the endosperm. At collection time inhibitors were found in 
smartweed seed at all Rf values except 0.8-1,0, but after six months 
storage the only inhibitor remaining was at Rf 0,5-0,6, The others had 
turned to strong promoters. The results were essentially the same from 
six to fifteen months storage. The inhibitors of smartweed were not 
characterized but those of ragweed proved to be glutaric and citric acid 
at 0.0-0.3 and o-coumaric acid at Rf 0.7-0»8 in the seed coat and 
salicylic acid at Rf 0.2 and o-coumaric acid at Rf 0.7-0.9 in the endo­
sperm, 
Varga (1957) evaluated substances inhibitory to germination which 
are found in fleshy fruits found three main inhibitor zones. At Rf 0,0-0.3 
he found short-chained carboxylic acids, such as citric ; at 0.6-0,8 he 
found salicylic acid and a water soluble, thermostable inhibitor which 
turned out to be o-coumaric acid. Finally, at 0,9-1.0 he found the 
essential oils of the fruits, 
Nisra and fetnaik (1959) showed that concentrations of 0,1-10 ppm 
cf ccuris.rir. stimulating to root and shoo I growLîi of rlctj aeedliiigs 
while 10-1000 ppm were inhibitory. Tieng (I962) found no germination 
with concentrations greater than 1000 ppm. From this she concluded that 
it could act as promoter or inhibitor depending on the concentration, and 
it had an extremely complex mode of action. She suggested that it could 
act on any phase in the germination sequence. However, Blaim (I960) 
showed that a solution of coumarin in water inhibited the uptake of water 
by wheat embryos, but the uptake by the endosperm tissue was unaffected. 
He suggested that water uptake by the embryos is connected with the 
growth and development of the cells, while uptake by the endosperm is 
connected exclusively with imbibition by colloids. 
115 
SUMMARY AND CONCLUSIONS 
Smartweed plants grew 9-16 dm in these studies in the Ames area. 
This is three times that previously reported for this species. Plants 
grown in a natural field environment during the summer of 1970 produced 
an average of six crops of flowers, the flower color being determined by 
the growth rate. Color increased as growth rate decreased. 
Seed produced from all studies were normally flat or slightly convex 
on one side, but under conditions of slow growth the third carpel is 
expressed by producing a three sided seed. %e moisture content, based 
on the dry weight, of the developing fruit decreased from 8?0 percent 
to 40 percent in thirteen days from anthesis. The seed was visually 
complete in ten days from anthesis, but tlie dry ifeij^lib llil nob reach a 
peak until tlie thirteenth day. Changes in dry weight did not seem to be 
influenced by temperature during seed development, but the reduction of 
moisture was slower at lower temperatures. Germination did occur at ten 
days from anthesis, but was more normal at twelve days. 
Plant growth was promoted by moisture, increased temperature, 
fertilizer applications, wider plant spacing and increased water holding 
capacity (soil type) of the soil. Plants were induced to flower with less 
than 15 hours of light. The exact amount varied somewhat with temperature. 
Plant form was affected by root growth anfl the amount of plant competition. 
Plants with restricted root growth or which were closely spaced produced 
a single upright stem which branched above the middleu When root growth 
was uninhibitec! or plants were widely spaced, the plants attempted to fill 
in all of the available space. When plants were spaced, each plant's main 
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stem tended to lean toward the ground with the "basal laterals and the 
terminal providing central stems. If space were still available, some 
of these basal laterals would duplicate the development of the main stem 
and produce more upright stems from their basal laterals. Regardless of 
plant density, all plants grown under natural field conditions in the 
summer of 1970 reached a height of 136,1 ± 21,6 cm. The main 
difference between densities was the total growth. Regardless of the 
environmental situation, all plants produced an average of 17, 46, and 37 
percent of their total growth in primary, secondary, and tertiary branch­
ing, respectively. 
Fruits were collected at maturity by lightly rubbing the inflores­
cence between the fingers. The perianth was removed from each fruit and 
it was evaluated for seed weight, seed yield, potential viability, and the 
duration of dormancy. Of these measurements, seed yield was the most 
influenced by the environment and potential viability the least. These 
studies indicated that maximum seed collection could be made by rubbing 
the inflorescence between the fingers over a container approximately 
twenty days after initial flowering and every two weeks thereafter until 
frost. 
Seed Weight 
lîie 1000 seed weight varied from 2.4 to 13.4 grams with the average 
falling between 5 and 7 gm« This range is slightly higher than that 
reported by Stevens (1932). Actually, seed producing a 1000 seed weight 
of more than ten grams was rare and thus indicated an upper limit in 
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possible seed capacity. Ihe size of the seed was influenced many 
environmental factors (Figure 19)p but temperature was by far the most 
important single factor. Temperature accounted for 77 percent of the 
variation in weight. Thus, seed weight in smartweed like that of 
Amaranthus (McWilliams et al, , 1968) and other Polygonums (Hammerton, 
J. 967a) is very plastic with respect to the temperature prevailing during 
seed development. At both constant and alternating temperatures subopti­
mal photoporiods produced the maximum seed size as noted by Van Dobbens 
(1962) in grains but seed weight was very uniform at constant temperatures 
in smartweed while a mixture of sizes was produced under alternating 
temperatures. These mixtures, when collected periodically, appeared to 
be groups of uniformly sized seed with size related to the time of 
flowering and thus related to the rate of plant growth. These findings 
would explain why mixtures of seed sizes are found in field conditions. 
The overall size produced at alternating temperatures was a reflection 
of the mean temperature when both temperatures were applied at equal 
intervals. Therefore, it might be expected that seed size is related, 
not to temperature alone, but also to its duration. 
In contrast to crops (Ryle, I966), but similiar to other 
species of Polygonum (Watanabe and Hlrokawa,- 1968), the earliest flowers 
produced the li^ich bes L s^ed. This sufxgests that the variability in seed 
size may be influenced largely by competition for food products as 
early flowers are usually being produced while the growth rate is still 
quite rapid. 
Figure 19. Summary of environmental influences on seed weight of 
smartweed seed. Levels of each factor are read from left 
to right; factors include 1 (a) temperature [ 50®?» 65°F, 
65°-80®P, and 80°P"], (B) position on the plant [ terminal-l» 
T-2, T-3* B7-T4, and basal 1-6], (C) daylength at constant 
temperature [ 6 hr.y 10 hr., and 14 hr.], (d) moisture of 
plant soil [continuously wet or continuously dry], (e) 
positions on fertilized plants [ T-1, T-2, T-3, 37-%, and 
Bl-6], (P) initial seed size producing plants from which 
seed collections were made [ 1000 seed weights were: 5»10 gm, 
7*57 gm, 9.60 gm, 10,87 gm, and 13.43 gm], (G) soil type 
[ loam, half peat - half loam, half peat - half sand, half 
loam - half sand, and sand], and (h) daylength at alternating 
temperatures [ 10 hr, and 14 hr.]. 
1000 SEED WEIGHT IN GRAMS 
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Figure 19 (Continued). Levels of each factor are read from left to 
right; factors include1 (l) plant spacing in field plots 
[6 X 6 inches, 12 x 12 inchesp and 18 x 18 inches], (j) 
planting dates [April 30, May 14, May 28, June 10, June 25, 
and July 9], (K; level of fertilizer applications [ none, 
381, and 1368 pounds per acre"], (L) growth rate of the plant 
terminal in chamber studies in cm/plant/day [3*4, 5*4, 7*2, 
and 12.0], and (M) collection dates of field plots [June 1?, 
September 2, September 24, and October 8], 
è 
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Although fewer flowers in an inflorescence generally produced 
slightly larger seed, differences such as those found in wheat (Bingham, 
1967), oats (Van der Eaauw, 19^9)r and poppies (Harper, i966) were not 
noted in sraartweed, hut might not "be expected in an indeterminate plant. 
The data also indicate that this relationship was dependent on the 
nutrient status of the plant. 
Contrary to Polygonum persicaria and P. lapathifolium (Hammerton and 
Jalloq, 1970), smartweed seed weight increased with later planting and 
with later flowering. As found in many species, applications of "both 
moisture and/or fertilizer increased seed weight. 
Seed Yield 
Yield was considered on a per plant "basis, evaluating "both the 
number of seed produced (Figue 20) and the total mass of seed produced 
(Figure 21), %e number of seed produced per plant varied from 26 to 
3242 and the mass from 0,37 to 23.3 gm. Many environmental factors 
influenced seed production, but foremost again was the influence of 
temperature. Temperature accounted for 44 percent of the variation. 
Seed production increased linearly with an increase in temperature, while 
seed mass appeared to he the same for each temperature, but the time 
necessary to achieve that goal increased as temperature decreased. 
Actual counts of the number of seed produced under natural field 
conditions were only made on part of one collection, but counts were made 
from pressed material of these field collections of the potential 
number of flowers on all but the first planting. If every flower 
Figure 20, Summary of environmental Influences on the number of seed 
produced by smartweed plants. -Levels of each factor are read 
from left to rightf factors includei (a) soil type [ loam, 
half peat - half loam, half peat - half sand, half loam -
half sand, and sand ], (B) initial seed size producing plants 
from which seed collections were made [ 1000 seed weights 
were I 5«10 gm, 7.57 gm, 9.60 gm, IO.87 gm, and 13,43 gm]r 
(C) position on the plant [terminal -1, T-2, T-3» B7-T4, and 
"basal 1-6], (D) daylength at constant temperature [ 6 hr,, 
10 hr,, and 14 hr,], (E) temperature [ 50®P| 65®P, 65°-80°F, 
and 80°F1, (P) daylength at alternating temperatures [ 10 hr, 
and 14 hr.l, (G) moisture of plant soil [continuously wet or 
continuously dry]» 
MEAN NUMBER SEEDS / PLANT 
Figure 20 (Continued)* Levels of each factor are read from left to right; 
factors includei (h) positions on fertilized plants [ !p-1, T-2, 
T-3* and Bl-6], (l) level of fertilizer applications 
[none, 38I, and i368 pounds per acre]* (j) growth rate of the 
p l a n t  t e r m i n a l  i n  c h a m b e r  s t u d i e s  i n  c m / p l a n t / d a y  [  3 * 4 ,  5 A t  
7*2f and 12«0"]# 
MEAN NUMBER SEEDS/PLANT 
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Figure 21, Summary of environmental influences on the seed mass In 
grams produced by smartweed plants. Levels of each factor 
are read from left to right; factors Includei (a) soil type 
[ loam, half peat - half loam^ half peat - half sand, half 
loam - half sand, sand], (B) initial seed size producing 
plants fjrom which seed collections were made [ 1000 seed 
weights were* 5*10 gm, 7,57 gm, 9,60 gm, 10,87 gm, and 
13.43 gm], (C) position on the plant j_ terminal-1, T-2, 
t-3i B7-T4, and "basal 1-6], (d) daylength at constant 
temperature [ 6 hr,, 10 hr.^ and 14 hr.], (E) temperature 
[ 50®P, 650P, 65®-80op, and 80°?], (F) daylength at alter­
nating temperatures [ 10 hr, and 14 hr/]. 
SEED MASS IN ^ GRAMS 
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Figure 21 (Continued), Levels of each factor are read from left to 
right; factors includei (G) positions on fertilized plants 
[ T-1, T-2, T-3r B7-Ï4, and 31-61, (h) level of fertilizer 
applications [ none, 381, and 13o8 pounds per acre], (l) 
growth rate of the plant terminal in chamber studies in 
en/plant/day [ 3.4, 5«4» 7*2, and 12,0], (j) moisture of 
plant soil j_ continuously wet or continuously dry]. 
SEED MASS IN GRAMS 
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produced a seedr production would range from 7200 to 126,700 seeds per 
plant, averaging 43,000* This would "be 7200 seeds per flowering sequence 
per plant. Even at the 50 percent survival rate of the chambers this 
would provide an average of 21,600 seeds per plant, which is greater than 
that reported for sisartweed* However, most plants develop under high 
competition and differences in the survival of flowers were noted between 
densities. Therefore, production would be expected to approach a lower 
number of seed. Survival of flowers In the field appeared to decrease 
as spacing of the plants Increased, but total production greatly increased 
with spacing. The Importance of this is that one plant surviving in a 
nearly weed free field could contribute the same amount of seeds as six 
or seven plants scattered over a field which is poorly weeded. 
Contrary to the findings of Van der Baauw (1949) with oats; 
continuously watered smartweed plants doubled the production of those 
maintained under a continuously dry condition* Suboptimal photoperlods 
provided the best yield as Van Dobbens (1962) found, but only with 
constant temperatures* With alternating temperatures shorter photo-
periods reduced yield. Also, contrary to the findings of Black (1959) 
with clover, the number of seeds produced decreased as the initial seed 
size increased. 
The number of potential flowers per plant increased with decreasing 
density, Biey also increased with plantings from April to June and then 
decreased with plantings from the first of June to mid-July. This 
suggests an optimum growth condition for maximum flowering. On an acre 
basis the high density would produce 2*1 million flowers as opposed to 
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1.6 for the low density, if such densities could he maintained* 
An estimate of yield of field plants may he computed hy the following 
formula. 
Yield = (number of pedicels/cymule) * (number of 
cymnles/cm) x (total length in cm of the 
flowering branch/plant) x (percent of 
flowers surviving from initiation until 
ten days after anthesis) x (percent of 
surviving flowers which produce matured 
fruit) 
Potential Viability 
Potential viability was not greatly influenced by any one factor. 
Initial seed size and soil type accounted for most of the variation. A 
maximum of only 50 percent of the observed variation could be accounted 
for by the variables studied. However^ this is not surprising when one 
considers the various stages of development at which viability could be 
reduced or aborted, and tbier high percentage of viability for most of the 
studies. 
Fertilization increased viability probably by providing needed 
minerals for increased food production, although the relationship was 
probably an indirect one. While it was believed that smut reduced the 
viability of later plantings, the data does not indicate this. Host 
likely smut reduced the yield rather than the viability. Measurements 
were not made to substantiate any reduction in yield though. It was 
noted from the chamber studies that low temperatures reduced viability 
and this most likely was the reason for the lower viability of the sixth 
planting (Figure 22), 
Contrary to Roller's (i962) findings with lettuce, an increased 
Figure 22. Suminazy of environmental influences on the potential 
viability of smartweed seed. Levels of each factor are read 
from left to right| factors include* (A) position on 
fertilized plants [ termlnal-ly T-2, T-3, By-dA-, and 
"basal l-6]r (B) moisture of plant soil [ continuously wet or 
continuously dry"], (C) position on the plant [ T-2, 
T-3, 67-14, and Bl-o], (D) soil type [ loam, half peat -
half loam, half peat - half sand, half loam - half sand, and 
sand]; (e) daylength at constant temperature [ 6 hr,, 10 hr., 
and 14 hr.l, (P) temperature [ 50®?, 65®PF 65®-80®P, and 
80®f1, (G) initial seed size producing plants from which seed 
collections were made [ 1000 seed weights were# 5*10 gm, 
7.57 gm, 9.60 gm, 10,87 gm, and 13.43 gm], and (h) daylength 
at alternating temperatures [ 10 hr# and 14 hr.J. 
POTENTIAL VIABILITY IN PERCENT 
Figure 22 (Continued). Levels of each factor are read from left to 
right; factors Includei (l) level of fertilizer applications 
[ none, 381, and i368 pounds per acre]* (j) collection dates 
of field plots [ June 1?, September 2, September 24, and 
October 8], (K) planting dates [ April JO, May 14, May 28, 
June 10, jure 25? and July 9], %L) growth rate of the plant 
terminal in chamber studies in cm/plant/day [[3*4, 5«4, 7.2, 
and 12.0], (M) plant spacing in field plots [6x6 inches, 
12 x 12 inches, and 18 x 18 inches]. 
POTENTIAL VIABILITY IN PERCENT (O 
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daylength decreased viability of smartweed seed. Smartweed responded 
like foxtail (Schreiber^ I965) to temperature} the seed viability 
Increased as temperature increased at which the plants were grown. 
Soil type had a noted influence on the seed viability. However, this 
may be related to an interaction between the available soil moisture at 
the time of flowering and the number of flowers produced. The Influence 
of initial seed size was probably due to the influence of the seed size 
on the plant growth, but the results are difficult to explain because they 
are erratic. 
Duration of Dormancy 
All seeds were dormant at maturityy but the length of that dormancy 
appeared to be predetermined by the environmental factors (Figure 23) 
encountered during seed development. Of the individual factors tempera­
ture was the most important. Temperature accounted for 39 percent of 
the observed variation, while fertilization and position on the plant 
accounted for 24 percent and 12 percent, respectively. Initial seed size 
also Influenced seed dormancy, but the Influence is believed to be an 
indirect one. Seed size is known to Influence the Initial plant growth. 
%us, Indirectly the Influence is thought to be through the plant growth 
rate. Clark et al. , (196?) found that growth rate was related to 
dormancy in Sorghum bicolor. In the growth chamber study the mean height 
growth per plant per day accounted for 71-75 percent of the observed 
variation in the duration of dormancy in the material produced. No such 
information was found in the field material, but it would not necessarily 
Figure 23» Summary of environmental influences on the duration of 
smartweed seed dormancy. Levels of each factor are read 
from left to right; factors includei (a) plant spacing in " 
field plots [6 X 6 inches, 12 x 12 inches, and 18 x 18 
inches^, (B) planting dates [ April 30, toy 14-, May 28, 
June 10, June 2$, and July 9jr (O) soil type [ loam, half 
loam - half peat, half peat - half sand, half loam - half 
sand, and sand") 3 (d) position on the plant [ terminal-1, 
T-2, T-3, B7-T^, and basal 1-61, (e) daylength at constant 
temperature [ 6 hr., 10 hr,, and 14 hr.J, (P) temperature 
[ 50«Pr 650p, 65®-80op, and 80op], (G) positions on 
fertilized plants [ T-1, T-2, T-3, B7-T^ ,^ and 81-61, (h) 
level of fertilizer applications [ none, 38I, and i368 
pounds per acre], and (l) daylength at alternating tempera­
ture [ 10 hr. and 14 hr.j. 
DURATION OF 
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DORMANCY IN WEEKS 
Figure 23 (Continued). Levels of each factor are read from left to 
right; factors include» (j) moisture of plant soil [ contin­
uously wet or continuously dry"], (k) initial seed size pro­
ducing plants from which seed collections were made [ 1000 seed 
weights were: 5,10 gm, 7,57 gm, 9,60 gm, 10.87 gm, and 13.45 
gm"j, (L) growth rate of the plant terminal in chamber studies 
in cm/plant/day [3.4, 5,4, 7.2, and 12,0~], and (m) collection 
dates of field plots [ June 17* September 2, September 24, and 
October 8~], 
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the time of seed collection; however, no measurements were taken on the 
rate of plant growth. 
The greatest variation in the field was due to the collection date, 
which suggests an influence of the weather during seed development and 
maturation. Although five weather measurements gave high correlations 
with the length of dormancy for the given collections, the findings 
indicate the difficulties of trying to explain results from single 
factors. Two measurements not included in this study, "but which might 
prove Important in future studies on smartweed seed dormancy, are: the 
rate of seed desiccation during seed development and plant growth rate 
during the initiation of flowering under field conditionso 
As the growth rate of smartweed plants in growth chambers increased, 
smaller fruits were produced, which had a longer duration of dormajicy, 
Physical measurements showed that all fruit parts, except the embryo 
were proportionate to the growth conditions. The embryo, however, 
increased four times in dry weight when the whole fruit increased only 
twice. This was not believed to explain the differences in the duration 
of dormancy, though. Also, further study indicated no physical changes 
in the pericarp permeability with prechilling. Thus, this suggests that 
the influence of the environment was probably of a chemical nature, 
Tieng (1962) found that smartweed fruits had chemicals at four Rf 
values, which were inhibitory to germination of chilled seed in fresh 
collected samples. However, after six months storage all but one became 
strong promoters. Such an occurrence suggests an inhibitor-promoter. 
Both Tieng (1962) and Varga (195?) isolated a chemical which acted as an 
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Inhibitor-promoter and had an Rf about that of the remaining emartweed 
inhibitor. This was coumaric acid, which proved to be stimulating at low 
concentrations and inhibiting at high concentrations. From this infor­
mation one might conclude that dormancy of smartweed is influenced by the 
environment andy further, that the influence is related to plant metabo­
lism* One might also conclude that this information suggests that the 
growth rate may be responsible for the type of molecular constituents 
moving into the developing fruits. However, extensive biochemical 
experiments will be necessary to support these ideas. 
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